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OPTICAL INFORMATION RECORDING MEDIUM, 
PRODUCING METHOD THEREOF AND METHOD OF 
RECORDING/ERASING/REPRODUCING INFORMATION 



5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an optical information recording 
medium provided with an optically detectable information recording layer, the 
producing method thereof and a method of recording/erasing/reproducing 
1 0 information. 

Description of the Prior Art 

A recording material thin film layer comprising a metal thin film and an 
organic thin film is formed on a disc-shaped or a card-shaped substrate. A 

1 5 high energy beam focused on a micro light spot having a submicron order 
diameter is irradiated onto the recording material layer, thereby a local 
variation is generated on recording material layer. Thereby, such a technique 
that an information signal is stored is already well known. More specifically, 
when an optical magnetic material thin film and a phase change material thin 

20 film are used for a recording layer, it is easy to rewrite the signal. Accordingly, 
this technique has been actively studied and developed. For example, in case 
of the optical magnetic recording medium, a difference of a rotating angle on a 
polarized surface of a reflected light generated due to the difference of a 
magnetization state is used as the record. Furthermore, in case of the phase 

25 change recording medium, an amount of a reflected light relative to a light 
having a specific wavelength in a crystalline state is different from that in an 
amorphous state, thereby the difference is used as the record. A laser output 
is modulated between a record level having a relatively higher power and an 
erasure level having a relatively lower power, and the modulated output is 

30 only irradiated on a recording medium. Thereby similarly to a magnetic disk, 
there is such a characteristic that the record erasure and the record of a new 
signal can be simultaneously performed (it is possible to overwrite the record). 
The information signal can be rewritten for a short time. 



Usually, the optical magnetic recording medium and the phase change 
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recording medium comprise, for example, a multi-layer film shown in FIG. 1. 
That is, on a substrate 1 comprising a resin plate of a polycarbonate and 
PMMA (polymethylmethacrylate), a glass plate, or the like, usually, a 
recording layer 3 having an optical absorption comprising the phase change 
5 material and the optical magnetic material inserted between protective layers 
2 and 4 comprising a dielectric material is formed. Furthermore, a metallic 
reflecting layer 5 comprising an alloy of Au and Al for increasing an optical 
absorption efficiency on the recording layer 3 and for acting as a thermal 
diffusion layer is formed on the protective layer 4. These layers are 

1 0 sequentially laminated by a sputtering method, a vacuum deposition method, 
or the like. Furthermore, an overcoat layer 6 is formed on an uppermost layer 
in such a manner that a scratch and dusts are not attached to these layers. 
Usually, a laser beam is incident from a side of the substrate 1. In many cases, 
a front surface of the substrate 1 is provided with a concave -convex groove 

1 5 track or a concave-convex pit sequence as guide means for guiding the laser 
beam to a predetermined position on the disk. 

A function of each layer and a concrete example of materials forming 
each layer are as follows. 

In case of the recording layer 3, when the phase change material is used, 

20 chalcogenite thin film whose base comprises Te and Se, for example, a Ge-Sb- 
Te alloy thin film, a Ge-Sb-Te-Se alloy thin film, an In-Sb-Te alloy thin film, an 
Ag-In-Sb-Te alloy thin film, an In-Se alloy thin film, and the like are reported. 
In the medium using such phase change materials, the laser beam is 
irradiated, thereby the signal is recorded and reproduced. As already 

25 described, while the power of the laser beam is being modulated at a strong 
level and a weak level, the laser beam is irradiated onto a revolving recording 
medium. A portion irradiated with the strong power is locally melt in an 
instant, thenceforth, the portion is quenched. Thereby the portion is 
amorphized, and the signal is recorded. Furthermore, at the portion 

30 irradiated with a relatively weak power, the amorphous-state portion is 
annealed, thereby the portion is crystallized, and the recorded signal is erased. 
In order to reproduce the signal, the power of the laser beam is reduced enough 
in such a manner that the recording film is not changed, and the laser beam is 
irradiated. At this time, a strength of the reflected fight is detected, and 
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whether the portion irradiated with the laser beam is in the crystalline state or 
the amorphous state is judged, thereby the signal is reproduced. 

The functions of the protective layers 2 and 4 comprising a dielectric 
material are, for example, as follows: 
5 1) the recording layer is protected from an external mechanical damage; 

2) a thermal damage such as a roughness on the surface of the substrate, 
a break of the recording layer and an evaporation, etc. occurred due to 
repeatedly rewriting the signal are reduced, thereby a repetition of rewriting 
the signal can be increased; 

10 3) an interference effect of a multipath reflection is used so that an 

optical change can be enhanced; 

4) an influence from an outside air is intercepted so that a chemical 
change can be prevented. 

As the material comprising the protective layer for satisfying the above 

1 5 objects, heretofore, an oxide such as Si0 2 , A1 2 0 3 or the like, a nitride such as 
Si 3 N 4 , A1N or the like, an acid nitride such as Si-O-N or the like (for example, 
disclosed in Japanese Patent Application Laid-open No. 3-104038), a sulfide 
such as ZnS or the like, a carbide such as SiC or the like, or a mixed material 
such as ZnS-Si0 2 or the like (disclosed in Japanese Patent Application Laid- 

20 open No. 63-103453) is proposed, and one part of them is practically used. 

Two layers are provided to the protective layer, thereby the characteristic 
thereof can be enhanced. The example of the phase change recording 
medium is disclosed in Japanese Patent Application Laid-open No. 5-217211. 
That is, the dielectric layer comprising the nitride (SiN, A1N) and the carbide 

25 (SiC) is used at the side contacted to the optical recording layer as the 
protective layer of the optical recording layer including Ag, and ZnS or a 
compound including ZnS is used as the outer layer of the dielectric layer. The 
above SiN, SiC, A1N layer is used, thereby a combination of Ag included in the 
recording layer and S in the protective layer is prevented. As disclosed in 

30 Japanese Patent Application Laid-open No. 5-217211, a film thickness of the 
SiN, A1N, SiC layer is ranging from 5 nm to 50 nm. Furthermore, as disclosed 
in Japanese Patent Application Laid-open No. 6-195747, the protective layer 
has two layers inserted between the recording layer and the substrate, where 
one layer contacted to the recording layer comprises Si 3 N 4 layer and the other 
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layer contacted to the substrate comprises ZnS-Si0 2 layer, thereby two 
dielectric layers are formed. The Si 3 N 4 layer facilitates a crystallization of the 
phase change material layer. 

The example of the optical magnetic recording medium is disclosed in 
5 Japanese Patent Application Laid-open No. 4-219650. Here, the dielectric 
layer contacted to the substrate has two layers, and one layer contacted to the 
substrate is a silicon oxide film, thereby an addhesiveness of the substrate and 
the dielectric layer is enhanced. Furthermore, the other layer contacted to 
the recording layer comprises the compound of the carbide and the nitride, 

1 0 thereby it is possible to prevent a corrosion of the magnetic recording layer 
occurred due to that oxygen from the silicon oxide layer and water passing 
through the substrate are penetrated into the recording layer. As disclosed in 
Japanese Patent Application Laid-open No. 4-219650, preferably, the nitride 
comprises Sn-N, In-N, Zr-N, Cr-N, Al-N, Si-N, Ta-N, V-N, Nb-N, Mo-N and 

15 W-N, and the film thickness thereof is ranging from 10 nm to 20 nm. 
Furthermore, as disclosed in Japanese Patent Application Laid-open No. 4- 
321948, in the same view of Japanese Patent Application Laid-open No. 4- 
219650, the dielectric layer contacted to the substrate has two layers. Here, 
one layer near the substrate comprises at least one kind of oxides selected from 

20 a group of Si, Zr, Y, Mg, Ti, Ta, Ca and Al, thereby the adhesiveness of the 
dielectric layer and the substrate is enhanced. Furthermore, the other layer 
contacted to the optical magnetic recording film comprises the nitride layer 
comprising at least one kind of nitrides selected from the group of Si, Zr, Y, Mg, 
Ti, Ta, Ca and Al, thereby it is suppressed that oxygen and water from the 

25 oxide layer are penetrated and diffused into the recording film layer. As 
disclosed in Japanese Patent Application Laid-open No. 4-321948, the film 
thickness of the nitride layer is ranging from 50 nm to 200 nm. 

It is known that the protective layer is formed of a complex material 
comprising different substances so as to provide the film with good quality. 

30 For example, Japanese Laid-Open Patent Publication (Tokkai-Sho) No. 63- 
50931 discloses an example including a protective layer with good quality 
such as excellent adhesiveness with a substrate by adding at least either one 
of aluminum oxide and silicon oxide to a complex dielectric of aluminum 
nitride and silicon nitride and by defining the refractive index. 
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Japanese Laid-Open Patent Publication (Tokkai-Hei) No.2-105351 
discloses an example including a protective layer having excellent 
adhesiveness with a substrate and excellent ductility formed of a complex 
dielectric comprising a nitride of silicon and indium. 
5 Furthermore, Japanese Laid-Open Patent Publication (Tokkai-Hei) Nos. 

2-265051, 2-265052 disclose examples including a protective layer formed of Si, 
N and an element having a smaller specific electric resistance than Si, so that 
the protective layer is hardly cracked and protects the recording layer 
sufficiently. 

1 0 In general, the reflecting layer 5 comprises a metal such as Au, Al, Cr, Ni, 

pi Ag or the like and the alloy based upon these metals, and the reflecting layer 5 

is disposed in such a manner that a radiation effect and an effective optical 

absorption of the recording thin film can be obtained, 
jr: As described above, in general, a sputtering method, a vacuum 

fij 1 5 deposition method or the like is used as the method of preparing the recording 
" medium. Furthermore, a reactive sputtering method is used so that the 

□ nitride can be contained in the thin film. 

J5: For example, as the method of producing an ablation type write once 

yd medium, such a method that N is contained in the Te-containing recording 

^ 20 layer by the reactive sputtering is disclosed in Japanese Patent Application 
Laid-open No. 63-151486. As disclosed in Japanese Patent Application Laid- 
open No. 63-151486, a mixed gas of Ar and nitride is discharged relative to a 
telluric selenium alloy target. After the recording film containing tellurium, 
selenium and nitride on the substrate is formed by the reactive sputtering 
25 method, a nitrogen gas is introduced, and a nitrogen plasma is generated, 
thereby a surface layer having a high nitrogen density than an inside of the 
recording layer is formed. The surface of the recording film is nitrided, 
thereby a weather-proofness and a sensitivity are enhanced, and further a 
power tolerance is increased. The nitrogen density of the nitride layer is 
30 ranging from 2% to 10%, preferably, it is ranging from 2% to 20%. Preferably, 
the thickness of the surface layer is ranging about from 1 nm to 10 nm. 

Furthermore, the example of the ablation type recording material is also 
disclosed in Japanese Patent Application Laid-open No. 63-63153. The target 
comprising a material containing Te and Se is sputtered in a nitriding-oxide 
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gas, a nitric dioxide gas or a gas containing a nitric dioxide, thereby the layer 
containing Te, Se and N is formed in the recording layer. 

Furthermore, as disclosed in Japanese Patent Application Laid-open No. 
4-78032, the surface of a metallic target is sputtered by Ar gas, and on the 
5 surface of the metallic element substrate is reacted with oxygen gas or 
nitrogen gas, thereby a metallic oxide film or a metallic nitride film is formed. 

Furthermore, although omitted in the drawings, in order that an 
oxidization of the optical information recording medium or an attachment of 
dusts, etc. is prevented, such a structure that the overcoat layer is placed on 
1 0 the metallic reflecting layer 5, such a structure that an ultraviolet curing resin 
is used as an adhesive so that a dummy substrate is laminated, or the like is 
proposed. 

However, it is known that the phase change optical recording medium 
has the following problems. That is, when the thin film comprising a material 

1 5 whose base is Te, Se, etc. containing Ge, Sb, In, etc. is used as the recording 
layer, and further the thin film comprising an oxide system material including 
such as Si0 2 representatively, the thin film comprising a sulfide system 
material including such as ZnS representatively, or the thin film comprising a 
mixture system material including ZnS-Si0 2 between the above two thin films 

20 is used as the protective layer, a laser irradiation is carried out. Thereby, the 
record and erasure of the information signal, and the like are repeated, 
thereby optical characteristics of the recording layer and the protective layer 
(such as a reflectivity, an absorptivity and the like) are changed. Accordingly, 
such a phenomenon that a recording characteristic or an erasure 

25 characteristic is changed. That is, the signal is repeatedly rewritten, thereby 
the reflectance of the medium is reduced, an amplitude of the signal is 
gradually reduced, or a jitter value at a marked position of a recording mark 
becomes larger, thereby an error rate of the recording signal becomes higher. 
Therefore, when the signal is reproduced, a readout error is occurred. 

30 Accordingly, there is such a problem that a possible times of rewriting is 
limited. 

Principal causes of this change are as follows. That is, one cause is that 
an S component and an O component are diffuse and penetrate from the 
protective layer to the recording layer, on the contrary, the component such as 
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Te, Se, etc. having a relatively high vapor pressure among the components of 
which the recording layer consists of diffuse from the recording layer to the 
protective layer. Furthermore, another cause is that one part of the 
protective layer material is chemically reacted with the recording layer. It is 
5 considered that the change is occurred due to either of the above causes, or a 
combination of the above causes. 

In fact, according to an experiment by inventors, etc., in the optical disk 
applying a Ge-Sb-Te recording film and a ZnS-Si0 2 protective layer, the S 
component is discharged from the protective layer due to the laser irradiation. 

1 0 Consequently, it is observed that an S atom is penetrated from the protective 
layer to the recording layer. Furthermore, it is also observed that the other 
Zn atom, Si atom and O atom are also diffused to the recording layer. In this 
case, although it is assumed that other elements are easy to move by a 
separation of the S atom, the mechanism thereof is not clear. 

1 5 The phenomenon and the mechanism have not been clearly reported. In 

case that the nitride thin film including Si 3 N 4 and A1N is used as the protective 
layer, the S component is not discharged, differently from the above example. 
On the other hand, an adherence to the recording layer of such a nitride is 
lower than that of ZnS-Si0 2 film. For example, under an environment having 

20 a high temperature and a high humidity, there is another problem that a 
peeling is occurred. That is, when oxide such as Si0 2 Ta 2 0 5 , A1 2 0 3 and the 
like and nitride such as S1 3 N 4 A1N and the like are used as a dielectric material, 
since such a dielectric, material is less adhesive to a phase change type 
recording material, for example, under the high-temperature and high- 

25 humidity environment, the peeling and crack are occurred. Thereby there is 
further problem that oxide such as Si0 2 , Ta 2 O s , A1 2 0 3 and the like and nitride 
such as Si 3 N 4 , A1N and the like cannot be applied to a dielectric layer material. 

A deterioration mechanism is summarized. In the first place, the more 
the times of repeating is increased, the more the above atom diffusion and 

30 chemical reaction are proceeded. Consequently a composition in the 
recording layer is largely varied, thereby variations of the reflectance, the 
absorption and the like, and the variation of the recording characteristic (an 
amorphization sensitivity) and the erasure characteristic (a crystallization 
sensitivity and a crystallization rate) are actualized. It is supposed that in 
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the protective layer, accompanied by the change of the optical characteristic, 
the composition changed, thereby such a change that a mechanical strength is 
reduced occurs. It can be considered a ZnS-Si0 2 film widely applied as an 
excellent protective layer has a high adhesiveness between the protective layer 
and the recording layer and this results from the atomic diffusion. 
Furthermore, it is also considered that such a protective layer substantially 
contains a limit of the repeating times. 

Relating to a material containing Ag and S, that is, the elements which 
are easy to chemically react, the method of suppressing the reaction is 
disclosed in Japanese Patent Application Laid-open No. 5-217211. However, 
the following view is not disclosed in the above prior art. That is, relative to 
the phase change recording medium such as Ge-Sb-Te system, In-Sb-Te 
system and the like being developed for an application as the most possible 
material system, in order to enhance the cycle performance thereof, the layer 
comprising the material such as nitride, nitriding-oxide, etc. is formed between 
a dielectric protective layer and a phase change recording layer. The formed 
layer acts as a barrier layer for preventing an interdiffusion and the chemical 
reaction between the recording layer and the protective layer. Furthermore, 
more specifically Ge-N or Ge-N-O is superior as the dielectric protective layer 
material which does not substantially have the above problem. This material 
has also an excellent performance as the barrier layer. This is not also 
disclosed in the prior art. 

SUMMARY OF THE INVENTION 

That is, a layer structure for realizing an excellent repeating 
characteristic and an excellent weather-proofhess is not yet achieved. In 
order to solve the above problems, it is an object of the present invention to 
provide a medium structure for realizing a phase change optical recording 
medium having the excellent repeating characteristic and weather-proofhess, 
the producing method thereof, and a method of recording and reproducing an 
information signal by using the recording medium. 

In order to solve above problems, according to one aspect of the present 
invention, there is provided an optical information recording medium 
comprising a recording layer generating a reversible phase change which can 
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be optically detected according to an irradiation of an energy beam, and a 
material layer which is named a barrier layer formed in contact with at least 
one surface of the recording layer, wherein an atomic diffusion and a chemical 
reaction occurred between the protective layer and the recording layer are 
5 suppressed by the barrier layer. 

A material constituting the barrier layer (a barrier material) itself can be 
applied to a protective layer material as it is. In this case, it is expressed as 
"the protective layer using the barrier material". 

According to another aspect of the present invention, preferably, there is 
1 0 provided an optical information recording medium, wherein a barrier material 
layer is disposed at both sides of a recording layer. 

According to a structure in which the barrier material is applied to a 
substrate side of the recording layer, an effect for suppressing the atomic 
diffusion and the chemical reaction between the recording layer and the 
15 protective layer is higher, thereby a cycle performance is enhanced. 
According to the structure in which the barrier material is applied to the side 
opposite to the substrate of the recording layer, the effect for enhancing a 
stability of rewrite performance is higher, thereby a reliability is enhanced. 
Not only the structure in which the barrier material is applied to both sides of 
20 the recording layer combines both characteristics, but also both performances 
are further enhanced. 

According to further aspect of the present invention, preferably, there is 
provided an optical information recording medium, wherein when the barrier 
material is represented by M a X b (where, M denotes an aggregate of non-gas 
25 elements M v M 2 , .., and X denotes the aggregate of gas elements X lf X 2 , ..), 
regarding a ratio of a gas component b/(a+b), the ratio of the barrier material 
layer at the substrate side is relatively higher than that of the barrier material 
layer at the side opposite to the substrate. 

According to further aspect of the present invention, preferably, there is 
30 provided an optical information recording medium further comprising a 
metallic reflecting layer. 

According to further aspect of the present invention, preferably, there is 
provided an optical information recording medium, wherein the protective 
layer using the barrier material" having a thin thickness of 60 nm or less is 
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applied between the metallic reflecting layer and the recording layer for a 
quenching. Thereby, since the number of layers can be reduced, a preparing 
process can be simplified. Furthermore, since a cooling effect is enhanced, 
thereby a thermal interference between recording marks is reduced, an 
5 information signal can be densely recorded. That is, the structure is 
advantageous to a high density recording. More preferably, in this case, the 
barrier layer is also applied to the substrate side of the recording layer. 
Thereby, it is possible to obtain the medium which can realize a higher cycle 
performance and a higher density recording. 

1 0 According to further aspect of the present invention, preferably, there is 

provided an optical information recording medium, wherein "the structure (a 
rather slow cooling structure) necessary for a dielectric layer having a 
thickness of 80 nm or more between the metallic reflecting layer and the 
recording layer, the barrier layer is applied to at least one side of the recording 

15 layer. Thereby, usually, in the rather slow cooling structure having a 
tendency of high heat-storing effect and a large thermal damage, the cycle 
performance can be largely enhanced. 

According to further aspect of the present invention, there is provided an 
optical information recording medium, wherein the thickness of the barrier 

20 layer is at least more than 1 nm to 2 nm. Thereby, the above effect can be 
obtained. Preferably, the thickness is 5 nm or more. Thereby, even if a laser 
power used for recording is higher, the effect can be obtained. Thereby, a 
further effect can be obtained. Furthermore, more preferably, the thickness is 
20 nm or more. Thereby, a higher reproducibility can be obtained in 

25 preparing. 

According to further aspect of the present invention, there is provided an 
optical information recording medium, wherein the barrier material layer 
containing Ge-N or Ge-N-O is used as the barrier material. 

According to further aspect of the present invention, preferably there is 
30 provided an optical information recording medium, wherein when Ge-N or 
Ge-N-O material layer is applied at both sides of the recording layer as the 
barrier layer or the protective layer, regarding a density of a gas element in 
Ge-N or Ge-N-O layer, that is, (N+0)/(Ge+N+0), the density in Ge-N or Ge-N- 
O layer at the substrate side of the recording layer is relatively larger than 
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that in Ge-N or Ge-N-O layer at the Side opposite to the substrate of the 
recording layer. 

According to further aspect of the resent invention, preferably there is 
provided an optical information recording medium, wherein Ge-N composition 
region having a Ge density ranging from 35% to 90% is selected. More 
preferably, the range from 35% to 65% is selected. 

According to further aspect of the present invention, preferably there is 
provided an optical information recording medium, wherein in case that the a 
Ge-N layer is applied to the substrate side of the recording layer (at the side 
which a laser beam is incident on), the Ge density ranging from 35% to 60% is 
selected. In case that the Ge-N layer is applied to the side opposite to the 
substrate of the recording layer, the Ge density ranging from 42.9% to 90% 
(preferably, 42.9% to 65%) is selected. 

According to further aspect of the present invention, preferably there is 
provided an optical information recording medium, wherein in a triangular 
diagram in FIG. 5 showing three-element composition of Ge-N-O, Ge-N-O 
composition region is within a range surrounded by four composition points, 
BKGe^N^o), B4(Ge 8a4 N a30 0 133 ), G4(Ge 311 N 13 . 8 0 551 ), Gl(Ge a35 N a65 ). In this 
region, there are such effects that the cycle performance is enhanced and an 
erasure performance is enhanced. 

According to further aspect of the present invention, preferably there is 
provided an optical information recording medium, wherein in case that the 
Ge-N-O layer is applied to the substrate side of the recording layer (at the side 
which the laser beam is incident on), the region surrounded by four 
composition points D^Ge^ NJ, D4 (Ge^ N 102 O 4L0 ), Gl (Ge 350 N^), 
G4(Ge 3l ! N 138 0 55 A ) is appropriate. In case that the Ge-N-O layer is applied to 
the side opposite to the substrate of the recording layer, the region surrounded 
by four composition points Bl (Ge 65 0 N 35 0 ), B4 (Ge 543 N ai O sa6 ), Fl (Ge 42 , 9 N 57 A ), 
F4 (Ge 355 N 129 O sl6 ) is appropriate. In this case, preferably, the region 
surrounded by four composition points Cl (Ge 650 N 350 ), C4 (Ge 339 N92 0 369 ), Fl 
(Ge 429 N 57 l ), F4 (Ge 355 N 129 0 5l 6 ) is appropriate. 

Similarly to the case of the Ge-N layer, when the Ge-N-O layer is formed 
at the side opposite to the substrate of the recording layer (at the side which 
the laser beam is not incident on), in a process of recording and erasing, there 
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is less possibility that a Ge atom is included in the recording layer. The layer 
can be also applied to the composition region having a considerably high Ge 
density. On the contrary when the Ge-N-O layer is formed at the substrate 
side of the recording layer (at the side which the laser beam is incident on), 
there is more possibility that the Ge atom is included in the recording layer. 
It is not preferable that the layer is applied to the composition region having a 
considerably high Ge density. 

As described above, the Ge-N layer or the Ge-N-O layer is acted in such a 
manner that the atomic interdiffusion and chemical reaction generated 
between the recording layer and the protective layer usually comprising a 
dielectric material are suppressed. There is such an advantage that the Ge- 
N layer or the Ge-N-O layer has a higher adhesiveness to the recording layer, 
compared to other nitride films such as Si 3 N 4 , A1N, etc. and a carbide film such 
as SiC, etc. The reason that the Ge-N layer or the Ge-N-O layer has a higher 
adhesiveness is as follows. Compared to other nitride films such as Si 3 N 4 , 
A1N, etc., the Ge-N layer or the Ge-N-O layer enables to form the film with a 
relatively lower power at a high speed (for example, when a distance between 
a target and the substrate is 200 mm, if the target whose diameter is 100 mm 
is used, the film can be formed with 500W at 40 nm to 50 nm/minute). 
Accordingly, it is assumed that since an internal stress in the film is lower, the 
Ge-N layer or the Ge-N-O layer has a higher adhesiveness. However, this is 
not clear. 

According to further aspect of the present invention, preferably there is 
provided an optical information recording medium, wherein a complex 
reiractive index value n+ik applies the Ge-N or Ge-N-O layer satisfying the 
range of 1.7^n^3.8 and 0^k^0.8. More preferably, when the barrier 
material layer is formed at the substrate side of the recording layer, the Ge-N 
or Ge-N-O layer satisfying the range of 1.7^n^2.8 and 0^k^0.3 is applied. 
When the barrier material layer is formed at the side opposite to the substrate, 
the Ge-N or Ge-N-O layer satisfying the range of 1.7^n^3.8 and 0^k^0.8 is 
applied. An optical constant is changed according to a ratio of O to N in the 
film, when O is less, the optical constant becomes larger. When O is more, the 
optical constant becomes smaller. 

According to further aspect of the present invention, preferably there is 
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provided an optical information recording medium, wherein a material thin 
film whose main component is Ge-Sb-Te is used as the recording layer. 

According to further aspect of the present invention, preferably there is 
provided an optical information recording medium, wherein the material thin 
film whose main component is ZnS-Si0 2 is used as a dielectric protective layer 
material used together with the barrier layer. 

According to further aspect of the present invention, preferably there is 
provided an optical information recording medium, wherein a material layer 
containing a main component comprising a nitride or a nitriding-oxide having 
at least one kind of element selected from the elements constituting the 
recording layer is used as the barrier material layer. 

In general, although a nitride material is less adhesive to a chalcogenite 
material, the barrier layer containing a nitride or nitriding-oxide of the 
element included in the recording layer is used, thereby the elements in the 
barrier layer is common to the component element in the recording layer. 
Accordingly, the adhesiveness can be enhanced. In this case, it is possible to 
suppress the interdiffusion and the chemical reaction between the recording 
layer and the protective layer whose main component is the dielectric material. 
Thereby, the phase change optical recording medium having the excellent 
repeating performance and excellent weather-proofhess can be realized. 

According to further aspect of the present invention, preferably there is 
provided an optical information recording medium, wherein at least one 
surface of the recording layer is nitrided or nitric-oxidized, thereby the barrier 
layer is formed. 

In this case, since the recording layer and the nitride layer or the nitric- 
oxide layer have the films having a high continuity to each other, there is less 
problem relating to the adhesiveness. Accordingly, the optical information 
recording medium having the excellent repeating performance and the 
excellent weather-proofhess can be obtained. 

According to. further aspect of the present invention, a method of 
preparing an optical information recording medium for solving the above 
problems, comprising a vacuum deposition method, a DC sputtering method, a 
magnetron sputtering method, a laser sputtering method, an ion plating 
method, a CVD method and the like. 
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According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein a 
sputtering method is used, a single target comprising the main component M 
of the barrier material, a nitride target comprising M, a nitric-oxide target, or 
5 an oxide target is used in order that the barrier material layer is formed, so 
that a reactive sputtering is carried out in a mixed gas of a rare gas and the 
gas containing a nitride component or the mixed gas of the gas containing the 
rare gas and the nitride component and the gas containing an oxide 
component, thereby the barrier material layer is formed. 

10 According to further aspect of the present invention, a method of 

preparing an optical information recording medium, preferably wherein Ar 
and Kr are used as the rare gas. 

According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein N 2 is 

1 5 used as the gas containing the nitride component, and 0 2 is used as the gas 
containing the oxide component. 

When the barrier material layer is formed at either sides of the recording 
layer, an N 2 density in case that the barrier material layer is formed at the side 
opposite to the substrate of the recording layer is highly set than that in case 

20 that the barrier material layer is formed at the substrate side of the recording 
layer. Thereby, the structure having a further higher weather-proofness can 
be obtained. 

According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein Ge is 

25 used as the main component M of the barrier material, a Ge target, a Ge-N 
target, a Ge-N-O target or a Ge-O target is used so that the reactive sputtering 
is carried out, thereby the barrier material layer is formed. More preferably, 
a Ge 3 N 4 composition is used as the Ge-N target, a GeO composition is used as 
the Ge-0 target, and Ge 3 N 4 -GeO mixed target is used as the Ge-O-N target. 

30 According to further aspect of the present invention, a method of preparing an 
optical information recording medium, more preferably, wherein Ge is used as 
the main component M of the barrier material, when the reactive sputtering is 
carried out, a total pressure of a sputter gas is more than 1 mTorr, and it is 50 
mTorr or less. Within this range, a high sputter rate and a stable discharge 
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can be obtained. 

According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein Ge is 
used as the main component M of the barrier material, when the reactive 
5 sputtering is carried out, the sputter gas is the mixed gas containing at least 
Ar and N 2 , a partial pressure ratio of N 2 is ranging from 5% to 60%. Thereby, 
a better repeating performance and a better weather-proofhess can be 
obtained. In this case, when the barrier layer is used at the substrate side of 
the recording layer, the partial pressure ratio of N 2 is ranging from 12% to 60% 

1 0 (preferably, 50% or less). Furthermore, when the barrier layer is used at the 
side opposite to the substrate, the partial pressure ratio of N 2 is ranging from 
5% to 60% (preferably, 40% or less, more preferably, 33% or less). 

Regarding the repeating performance, when a nitride partial pressure in 
the sputter gas is low, since much surplus Ge not combined to a nitrogen exists 

15 in the protective layer, the composition in the recording film is changed, 
accompanied with rewriting the signal, thereby a better characteristic cannot 
be obtained. Furthermore, when the nitrogen partial pressure in the sputter 
gas gets too high, much surplus nitrogen exists in the film , thereby similarly to 
the above case, the better repeating characteristic cannot be obtained. 

20 Regarding the weather-proofness (adhesiveness), when the nitrogen 

partial pressure in the sputter gas is high and much surplus nitrogen exists in 
the film, after an acceleration test, a peeling is occurred. However, when the 
nitrogen partial pressure is low and the surplus Ge not combined to the 
nitrogen exists, the peeling is not occurred. It is assumed that since Ge 

25 contributes to a combination with the recording film, the peeling is not 
occurred. 

According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein Ge is 
used as the main component M of the barrier material, when the reactive 
30 sputtering is carried out, the sputter gas is the mixed gas containing at least 
Ar and N 2 a sputter power density is more than 1.27W/cm 2 , and a film forming 
rate is 18 nm/minute or more. 

According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein Ge is 
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used as the main component M of the' barrier material, when the reactive 
sputtering is carried out, the sputter gas is the mixed gas containing at least 
Ar and N 2 the film is formed in such a manner that the complex refractive 
index value n+ik may satisfy the range 1.7 ^n^ 3.8, 0^k^0.8. More 
specifically, when the barrier material layer is formed at the substrate side of 
the recording layer, such a film forming condition as to satisfy the range 1.7 
^n^2.8, 0^k^0.3 is selected. When the barrier material layer is formed at 
the side opposite to the substrate, such a film forming condition as to satisfy 
the range 1.7^n^3.8, 0^k^0.8 is selected. 

According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein at 
least one element among the materials constituting the recording layer is used 
as the main component of the barrier material layer, its single element target, 
its nitride target, its nitriding-oxide target or its oxide target is used, so that 
the reactive sputtering is carried out in the mixed gas of the rare gas and the 
gas containing the nitrogen component or the mixed gas of the rare gas and 
the gas containing the nitrogen component and the gas containing the oxygen 
component, thereby the film is formed. 

According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein the 
material itself constituting the recording layer is used as it is as the main 
component of the barrier material layer, the target for forming the recording 
layer, its nitride target, its nitriding-oxide target, or its oxide target is used, so 
that the reactive sputtering is carried out the mixed gas of the rare gas and the 
gas containing the nitrogen component or in the mixed gas of the rare gas, the 
gas containing the nitrogen component and the gas containing the oxygen 
component, thereby the film is formed. 

According to further aspect of the present invention, a method of 
preparing an optical information recording medium, preferably, wherein the 
material itself constituting the recording layer is used as it is as the main 
component of the barrier material layer, in at least either a recording layer 
formation start time or a recording layer formation completion time, either a 
process of forming the recording layer in which the density of the gas 
containing the nitride component in the sputter gas is enhanced, or a process 
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of forming the recording layer in which the densities of the gas containing the 
nitride component and the gas containing the oxide component are enhanced 
is used, thereby the recording layer formation can be achieved. 

According to the above processes, a supply of the gas constituting the 
nitride component and the oxide component may be stopped when a recording 
layer portion is formed in the recording layer formation process. 

An optical information recording medium of one embodiment in the 
present invention includes a barrier layer, a first protective layer, and a 
recording layer generating a reversible phase-change which can be optically 
detected according to an irradiation of an energy beam. The barrier layer is 
formed between the first protective layer and the recording layer and in 
contact with the first protective layer and the recording layer. The barrier 
layer includes either one selected from the group consisting of GeN and GeNO, 
and at least one element selected from the group consisting of Al, B, Ba, Bi, C, 
Ca, Ce, Cr, Dy, Eu, Ga, H, In, K, La, Mn, N, Nb, Ni, Pb, Pd, S, Si, Sb, Sn, Ta, Te, 
Ti, V, W, Yb, Zn and Zr. 

In an optical information recording medium of another embodiment in 
the present invention, the barrier layer is formed between the first protective 
layer and the recording layer and in contact with the first protective layer and 
the recording layer. The barrier layer is composed of a barrier material 
having a non-stoichiometric composition. 

An optical information recording medium of one embodiment in the 
present invention includes a recording layer having reversibly changeable 
optical characteristics and a Ge-containing layer comprising either one 
selected from the group consisting of GeXN and GeXON as a main component, 
where X is at least one element selected from the group consisting of elements 
belonging to Groups Ilia, TVa, Va, Via, Vila, VIII, lb and lib and C. This 
makes it possible to provide a medium having excellent weather resistance 
and excellent characteristics in repetitive recording. 

According to another aspect of the present invention, a method for 
producing an optical information recording medium includes the steps of: 
forming a recording layer having reversibly changeable optical characteristics, 
and forming a Ge-containing layer comprising either one selected from the 
group consisting of GeXN and GeXON as a main component, where X is an 
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element as described above. The Ge -containing layer is produced by reactive 
sputtering with a target including at least Ge and X in a mixed gas comprising 
a rare gas and nitrogen. This makes it possible to produce efficiently an 
optical information recording medium having excellent weather resistance 
and excellent characteristics in repetitive recording. 

These and other advantages of the present invention will become 
apparent to those skilled in the art upon reading and understanding the 
following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view showing a conventional structure of a 
phase change optical recording medium comprising four layers. 

FIG. 2 is a cross-sectional view showing an structure example of an 
optical information recording medium according to the present invention. 

FIG. 3 is a cross-sectional view showing another structure example of the 
optical information recording medium according to the present invention. 

FIG. 4 is a cross-sectional view showing another structure example of the 
optical information recording medium according to the present invention. 

FIG. 5 is a composition diagram for explaining an appropriate 
composition range of a Ge-N layer or a Ge-N-O material layer applied to the 
optical information recording medium according to the present invention. 

FIG. 6 shows a structure example of an apparatus of preparing the 
optical information recording medium according to the present invention. 

FIG. 7 shows an example of a laser modulation waveform for recording 
and reproducing au information signal relative to the optical information 
recording medium according to the present invention. 

FIG. 8 shows another example of a laser modulation waveform for 
recording and reproducing an information signal relative to the optical 
information recording medium according to the present invention. 

FIG. 9 shows another structure of apparatus of preparing the optical 
information recording medium by using the present invention. 

FIG. 10 shows a difference of a repeating characteristic by using a 
sputter gas pressure. 

FIG. 11 shows the difference of the repeating characteristic by using the 
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sputter gas pressure. 

FIG. 12 shows a difference of an adhesiveness by using the sputter gas 
pressure. 

FIG. 13 shows the difference of the adhesiveness by using the sputter gas 
pressure. 

FIG. 14 shows a relationship between a nitrogen partial pressure in the 
sputter gas and an optical constant. 

FIG. 15 shows the relationship between the nitrogen partial pressure in 
the sputter gas and the optical constant. 

FIG. 16 shows a relationship between a total sputter gas pressure and 
the optical constant. 

FIG. 17 is a cross-sectional view illustrating an exemplary structure of a 
layer of an optical information recording medium of the present invention. 

FIG. 18 is a ternary phase diagram of (GeX), O and N showing a 
preferable composition range of a diffusion preventing layer in the optical 
information recording medium of the present invention. 

FIG. 19 is a view illustrating an exemplary film-forming apparatus of the 
optical information recording medium of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of an optical information recording medium according to 
the present invention is shown in FIG. 2. FIG. 2 shows the embodiment in 
case that a barrier layer is used at a substrate side of a recording layer. 

According to the embodiment, a substrate 1 is a disc-shaped 
polycarbonate resin substrate having a thickness of 0.6 mm and a diameter of 
120 mm. Since a polycarbonate has such merits as a low humidity, a low cost 
and the like, the polycarbonate is superior as a material used for the substrate. 
Aside from the polycarbonate resin, a glass, an acrylic resin, a polyolefin resin, 
a vinyl chloride and the like can be also used. Although a metal can be also 
used, the medium must be designed in such a manner that a light is incident 
from the side where a film is formed. Any way, a kind of the substrate is not 
limited to the present invention. 

A surface of the substrate is optically sufficiently flat. Furthermore, a 
spiral-shaped concave -convex groove track 7, for example, having a depth of 70 
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nm, a groove portion width of 0.74 Mm and a land portion width of 0.74 //mis 
formed all over the surface where a multi-layer film is formed. The concave- 
convex shape of the groove is operated as a guide, thereby a laser beam for 
recording and reproducing an information signal can be moved to an optional 
position. As a method of guiding the laser beam, a continuous servo method 
using the spiral-shaped groove or a concentrically formed groove and a sample 
servo method tracing a periodically arranged signal pit sequence are known. 
According to the method of guiding the laser beam, although the groove is 
appropriately formed on the substrate 1, this does not also relate to a 
substance of the present invention. 

According to the above embodiment, sequentially a protective layer 2 
comprising a ZnS-Si0 2 (Si0 2 : 20 mol%) mixture layer, a barrier layer 8 
containing Ge-N or Ge-N-O, a recording layer 3 comprising a Ge 2 Sb 2 3 Te 5 alloy 
thin film, a protective layer 4 comprising a ZnS-Si0 2 (Si0 2 : 20 mol%) mixture 
layer and a metallic reflecting layer 5 is formed on a surface where the 
concave-convex groove track 7 of the substrate 1 is formed by a sputter method. 
An ultraviolet curing resin is used as an adhesive layer 9, thereby the same 
resin plate as the substrate 1 is laminated as a defense plate 10. When the 
barrier layer 8 is Ge-N, in an order from the protective layer 2 to the metallic 
reflecting layer 5, the thickness of each layer is sequentially 91 nm, 5 nm, 20 
nm, 18 nm and 150 nm, respectively When the barrier layer 8 is Ge-N-O, 
similarly, the thickness of each layer is sequentially 86 nm, 20 nm, 20 nm, 18 
nm and 150 nm, respectively. 

In general, the material forming the protective layers 2 and 4 is a 
dielectric material, which is sometimes called a dielectric protective layer. 
Aside from ZnS-Si0 2 , the materials which are conventionally used for the 
protective layer of the optical recording medium can be applied to the 
protective layer as it is. For example, an oxide layer comprising a single oxide 
or a compound oxide etc. such as Al, Mg, Si, Nb, Ta, Ti, Zr, Y, etc., a nitride 
layer comprising a nitride such as Al, B, Nb, Si, Ta, Ti, Zr, etc., a sulfide layer 
comprising a sulfide such as ZnS, PbS, etc., a serenide layer comprising ZnSe, 
etc., a carbide layer comprising SiC, etc., a fluoride comprising CaF 2 , LaF, etc., 
or a mixture of the above materials such as a material layer comprising ZnSe- 
Si0 2 , Si-N-O, etc. can be used. 
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The material forming the recording layer 3 is a phase change material to 
be changed into a reversible state by receiving an irradiation of an energy 
beam such as a laser beam, etc.. More specifically, preferably, the material is 
reversibly changed between an amorphous state and a crystalline state by the 
irradiation of the laser light beam. Typically, a system containing Ge-Sb-Te, 
Ge-Te, In-Sb-Te, Sb-Te, Ge-Sb-Te-Pd, Ag-Sb-In-Te, Ge-Bi-Sb-Te, Ge-Bi-Te, Ge- 
Sn-Te, Ge-Sb-Te-Se, Ge-Bi-Te-Se, Ge-Te-Sn-Au, Ge-Sb-Te-Cr, In-Se, In-Se-Co 
and the like, or the system resulted from adding a gas admixture such as 
oxygen, nitrogen, etc. to these systems can be used. 

When these thin films are formed, the thin films are in the amorphous 
state. When the films absorbs an energy such as the laser beam, etc., the 
films are crystallized. If the films are practically used as the recording 
medium, the recording film being in the amorphous state when the film is 
formed is previously crystallized by using such a method as a laser beam 
irradiation, a flush light irradiation, or the like. The laser beam is thinly 
focused, and the crystallized recording film is irradiated with the focused light 
beam. Accordingly, the irradiated portion is amorphized, so that the optical 
constant is changed, thereby the record is carried out. By the above change, 
the changed portion where the above record is carried out is irradiated with 
such a weakened laser beam not as to further change the recording layer. A 
variation of a reflecting light strength or the variation of a transmitted light 
strength is detected, thereby the information is reproduced. When the 
information is rewritten, the laser light beam is irradiated, and the amorphous 
portion is re-crystallized, thereby a recording mark is erased. After the 
erasure, a new recording mark is formed. As described below, such an 
overwrite that an erasure operation and a recording operation are carried out 
during one rotation of the recording medium can be performed. 

As described above, the material layer located between the protective 
layer 2 and the recording layer 3 as the barrier layer 8 is operated in such a 
manner that an atomic diffusion and a chemical reaction between the 
recording layer and the protective layer are prevented. Compared to the 
recording layer, the material layer is needed to comprise the material having a 
higher melting point and a higher density. Furthermore, it is necessary that 
the material layer comprises the material which is hard to react with the 
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material constituting the recording layer and the dielectric protective layer 
and to generate the atomic diffusion. Moreover, it is necessary that the 
material layer comprises the material which is not peeled from any layers and 
further is hard to generate a crack, etc. For example, the material provided 
with the above characteristic among the nitride, the oxide, the carbide, the 
nitriding-oxide, an carbide of oxygen, a carbide of nitrogen and the like is 
appropriate. Preferably, any material has slightly less oxygen and nitrogen 
than a stoichiometric compound composition. That is, for example, when a 
stoichiometric nitrogen compound composition of the element M and the 
nitriding-oxide are defined as M a N b , M a N b -M c O d (where, a, b, c and d denote a 
natural number), the composition of the material layer used for the barrier 
layer is required to be expressed as M a N bl (bl^b) and M a N bl -M c O dl (bl^b and 
dl^d). More specifically, when the barrier layer is applied at the side 
opposite to the substrate of the recording layer, preferably, M a N b2 (b2^b) and 
M a N b2 -M c O d2 (b2^b and d2^d). 

Accordingly, even in case of such a composition as Si-N, Al-N, Si-O-N, or 
the like, the composition is expressed as Si 3 Nm 1 (m 1 ^4, preferably mi <4), 
AlNm 2 (m 2 ^l, preferably m,<l), Si 3 Nm 3 -SiOm 4 (m 3 ^4 and m 4 <2, preferably 
m 3 <4 and m 4 ^2, or m 3 ^4 and m 4 <2), thereby there is increased a possibility 
that the composition can be applied to the barrier layer. 

Furthermore, when the barrier layer is formed at both the sides of the 
recording layer, an adhesiveness to the recording layer at the substrate side is 
different from that at the side opposite to the substrate. The substrate side of 
the recording layer has a relatively high adhesiveness, and the opposite side 
has a low adhesiveness. From an experimental result, when the barrier layer 
is formed at the substrate side of the recording layer, it is largely shifter from 
the stoichiometric composition. That is, when the barrier material is 
represented by M a X b (where, M denotes an aggregate of non-gas elements M„ 
M 2 , .., and X denotes the aggregate of gas elements X„ X 2 , ..), regarding a ratio 
of a gas component b/(a+b), the ratio of the barrier material layer at the 
substrate side is relatively higher than that of the barrier material layer at the 
side opposite to the substrate. Accordingly, the medium having an excellent 
weather-proofness can be constructed. 

Here, typically, the example using Ge-N or Ge-N-O is shown. 
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A Ge-N layer or a Ge-N-O layer includes at least Ge and N, or Ge, N and 
O. The Ge-N layer or the Ge-N-O layer may also include other elements such 
as Ge-Si-N-(O), Ge-Sb-N-(0), Ge-Cr-N-(O), Ge-Ti-N-(O), or the like. The other 
elements are, for example, Al, B, Ba, Bi, C, Ca, Ce, Cr, Dy, Eu, Ga, H, In, K, La, 
Mn, N, Nb, Ni, Pb, Pd, S, Si, Sb, Sn, Ta, Te, Ti, V, W, Yb, Zn, Zr, or the like. 

Furthermore, as described below, the material forming the barrier layer 
may be replaced by the nitride and the nitriding-oxide of the material 
composing recording layer. For example, when the main component of the 
recording layer consists of the elements among Ag, In, Sb and Te, a barrier 
layer can be Ag-N-(0), Sb-N-(O), In-N-(O), Te-N-(O) or a mixture of them such 
as Ag-Sb-N-(O). When the main component of the recording layer is Te-Si-Ge, 
the barrier layer can be Si-N-(0), Ge-N-(0), Te-N-(O) or the mixture of them, 
for example, Ge-Si-N-(O). Cr and Al are added to Ge-N and Ge-N-O, thereby 
the adhesiveness can be enhanced. More specifically, the addition of Cr 
enables to obtain a remarkable effect. At an additive density of about 5% or 
more, the adhesiveness can be enhanced. A preparing condition which can 
form the barrier layer having an excellent adhesiveness is expanded. When 
the additive density exceeds 50%, the cycle performance tends to be reduced. 

The reflecting layer 5 comprises the material having a high reflectance 
and a low corrosiveness. Instead of an Al-Cr alloy, a single Au, Al, Ag, Pd, Ni, 
Cr, Ta, Ti, Si, Co, etc. or the alloy whose base consists of them can be used. 
For example, Au-Cr, Au-Co, Al-Ta, Al-Ti, Ag-Cr, Ni-Cr, Au-Pd, and the like are 
preferable. 

According to the above explanation, as a position where the barrier layer 
is applied, such an example that the barrier layer is applied to the interface 
between the dielectric protective layer at the substrate side and the recording 
layer is shown. Aside from the example of FIG. 2, there are different 
variations shown in FIGs. 3A to 3H and FIGs. 4A to 4H as another example of 
FIG. 2. The shape of the groove, a contact layer and the defense plate shown 
in FIG. 2 are omitted. Although the structure of FIG. 3A is the same as that 
of FIG. 2, for simplify by a comparison among FIG. 3A and FIGs. 3B to 3H, 
FIG. 3A is again shown. 

For example, when the barrier layer is used, even if not only the barrier 
layer is used at the substrate side of the recording layer as shown in FIG. 3A, 
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but also the barrier layer is used at the reflecting layer side (shown in FIG. 3B) 
or at both sides (shown in FIG. 30, a similar effect can be obtained. 
Furthermore, even if this layer is applied all over a lower protective layer 
(shown in FIG. 3D), all over an upper protective layer (shown in FIG. 3E), or 
all over the lower aud upper protective layers (shown in FIG. 3F) not as the 
barrier layer, but as the protective layer using the barrier material, the similar 
effect can be obtained. For example, in FIG. 3F, the total dielectric protective 
layers 2 and 4 at both sides of the recording layer 3 are formed by the material 
layer containing the barrier material, Ge-N or Ge-N-O. In this case, this 
material layer has a numeral 8. 

Furthermore, according to such a structure that the barrier layer (where, 
a Ge-N layer or a Ge-N-O layer) is used at the substrate side of the recording 
layer 3 and the total protective layer 4 comprises the barrier material (where, 
the Ge-N layer or the Ge-N-O layer) at the side of the reflecting layer 5 (shown 
in FIG. 3G), the similar effect can be obtained. According to such a structure 
that the total protective layer 2 comprises the barrier material (where, the 
Ge-N layer or the Ge-N-O layer) at the substrate side and the barrier layer 
(where, the Ge-N layer or the Ge-N-O layer) is applied at the reflecting layer 
side (shown in FIG. 3H), the similar effect can be obtained. 

The upper protective layer is thinned, thereby the structure is designed 
in such a manner that the distance between the recording layer and the 
metallic reflecting layer is reduced. This structure is called a quenching 
structure. According to the quenching structure, if two or more layers are 
formed at the upper side, since very thin layers must be deposited, two or more 
layers are not preferable in view of an accuracy administration of a film 
thickness, thereby it is difficult to prepare. In this case, the upper side 
compiises a single Ge-N layer or Ge-N-O layer, thereby there is generated such 
a merit that it is easy to prepare. 

FIG. 4 shows the structure when the reflecting layer is removed from the 
structure in FIG. 3. FIGs. 4A to 4H correspond to FIGs. 3A to 3H, 
respectively. Furthermore, according to the structures shown in FIGs. 3 and 
4, in various views, such a structure that a semitransparent reflecting layer 
comprising Au and a semiconductor material (for example, Si, Ge or the alloy 
whose base is Si, Ge) is added to the substrate side (the side which the light is 
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incident on) of the recording layer can be used (not shown). 

FIGs. 3 and 4 show such a structure that an uppermost layer is provided 
with the overcoat layer 6. The overcoat layer 6 is disposed in order only to 
suppress an influence due to water, dusts and the like relative to the protective 
layer and the recording layer of the optical information recording medium. 
Accordingly, for example, such a structure that a dummy substrate is 
laminated, such a structure that two plates are laminated with the over coat 
layer surface faced to an inner side, or the like is appropriately used according 
to a usual method. Furthermore, although the drawing is omitted, in order to 
laminate plates, a hot melt adhesive and an adhesive of the ultraviolet curing 
resin or the like are applied. 

In order that the cycle performance can be enhanced, more effectively, 
the barrier layer 8, that is, the Ge-N layer or the Ge-N-O layer is formed at the 
substrate 1 side of the recording layer 3. Since the laser beam is incident on 
the substrate side, a temperature at the substrate side tends to rise, thereby 
the composition change is easy to generate. Accordingly, it is assumed that 
the effect of the barrier layer becomes considerable. 

Furthermore, in another view, when the barrier layer, that is, the Ge-N 
layer or the Ge-N-O layer is formed at the reflecting layer side of the recording 
layer, in addition to such a merit as to enhance the cycle performance, such a 
merit as to enhance the erasure performance can be obtained. This relates to 
the following phenomenon. That is, when the recording layer is irradiated 
with the laser beam so that the film is amorphaized, in general, a solidification 
starts from the portion whose temperature is lower. That is, it is assumed 
that the structure of the recording film composition and the interface at the 
side (usually, the reflecting layer side) where a cooling starts is a principal 
factor for determining the condition of a generated amorphous solid. That is, 
it is assumed that the barrier layer enables to suppress the atomic diffusion 
from the protective layer to the recording layer, the recording film composition 
at the interface is also held in a cycle recording. 

Accordingly, since the substrate 1 comprises the material such as the 
metal in which the light cannot be transmitted, when the light cannot be 
incident from the substrate side, note that this case is contrary to the above 
description. That is, in this case, in order that the cycle performance may be 
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enhanced, effectively, the barrier layer, that is', the Ge-N layer or the Ge-N-O 
layer is formed at the side opposite to the substrate 1 of the recording layer 3. 
On the other hand, in order that the erasure performance may be enhanced, 
effectively the barrier layer, that is, the Ge-N layer or the Ge-N-O layer is 
5 formed at the substrate 1 side of the recording layer 3. Any way, if the Ge-N 
layer or the Ge-N-O layer is formed at both sides of the recording layer, the 
above two merits can be simultaneously achieved. 

Table 1 shows a layer structure corresponding to Figs. 3A to 3H and Figs. 
4Ato 4H. In the table, Sub denotes a substrate, DL denotes a protective layer, 
1 0 BL denotes a barrier layer (GeNO), AL denotes a recording layer, RL denotes a 
reflecting layer, and OC denotes an overcoat layer. Furthermore, in the 
protective layer, the layer applying the barrier material, that is, the Ge-N layer 
or the Ge-N-O layer is represented by DL(GeNO), and the layer not applying 
the barrier material layer is represented by only DL. 

15 

Table 1 



An example of layer structures of the recording medium 



FIG. 


layer structures 


3A 


Sub | DL 


1 BL(GeNO) 


IAL| 


IDL 


IRLIOC 


3B 


Sub | DL 




1 AL I BL(GeNO) 


IDL 


IRLIOC 


3C 


Sub | DL 


1 BL(GeNO) 


1 AL | BL(GeNO) 


IDL 


IRLIOC 


3D 


Sub 1 DL(GeNO) 




IAL| 


IDL 


IRLIOC 


3E 


Sub I DL 




IAL| 


1 DL(GeNO) 


IRLIOC 


3F 


Sub | DL(GeNO) 




IALI 


1 DL(GeNO) 


IRLIOC 


3G 


Sub I DL 


1 BL(GeNO) 


|AL| 


1 DL(GeNO) 


IRLIOC 


3H 


Sub | DL(GeNO) 




1 AL I BL(GeNO) 


IDL 


IRLIOC 






4A 


Sub | DL 


1 BL(GeNO) 


IALI 


IDL 


IOC 


4B 


Sub | DL 




1 AL I BL(GeNO) 


IDL 


IOC 


4C 


SublDL 


1 BL(GeNO) 


1 AL | BL(GeNO) 


IDL 


IOC 


4D 


Sub | DL(GeNO) 




IALI 


IDL 


IOC 


4E 


SublDL 




IALI 


1 DL(GeNO) 


IOC 


4F 


Sub | DL(GeNO) 




IALI 


1 DL(GeNO) 


IOC 


4G 


SublDL 


1 BL(GeNO) 


IALI 


1 DL(GeNO) 


IOC 


4H 


Sub I DL(GeNO) 




1 AL | BL(GeNO) 


IDL 


IOC 



Next, as a typical barrier material, an appropriate composition range of 
20 the Ge-N layer or the Ge-N-O layer will be described below. FIG. 5 is a 
triangular diagram showing the composition range of the Ge-N layer or the 
Ge-N-O applied to the present invention. In the appropriate composition of 
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the Ge-N material which does not contain oxygen, the Ge density has a lowest 
limit value of 35% to 40%. If the lowest limit value is reduced to less than 
35% to 40%, the adhesiveness to the recording layer is reduced. According to 
an acceleration enviro nment test, a peeling phenomenon are exhibited. 

Furthermore, the Ge density has a supremum value of about 90%. If 
the supremum value exceeds 90%, in a process of repeating recording and 
erasing, Ge is included in the recording film, thereby the cycle performance 
tends to be reduced. The appropriate Ge density in case that the Ge-N layer 
is formed at the substrate side of the recording layer is more or less different 
from that in case that the Ge-N layer is formed at side opposite to the 
substrate. The latter is little more highly set than the former, thereby the 
adhesiveness is higher. 

For example, the appropriate region of the Ge density of the former is 
35% to 60%, on one hand, the appropriate region of the latter is 40% to 90% 
(preferably, 40% to 65%). When the former and the latter are formed under 
the same condition, the appropriate Ge density is ranging from 40% to 60%. 
According to the present invention, since it is not necessary that both of them 
are formed under the same condition, the appropriate Ge density whose is 
within the range from 35% to 90% (preferably, from 35% to 65%) is the 
effective composition region. Within the range from 65% to 90%, the cycle 
performance tends to be relatively reduced. 

Ge-N-O system containing oxygen is described below. An average 
composition ratio of Ge to N to O in the Ge-N-0 protective layer is shown in the 
triangular diagram showing the three-element composition Ge-N-O in FIG. 5. 
The average composition ratio can be explained by using each composition 
point, that is, Al, Bl to B5, Cl to C5, Dl to D5, El to E5, Fl to F5, Gl to G5 
and HI to H3. 

B2 (Ge 89 . 7 N 98 O 05 ), B3(Ge 866 N 6 7 O a7 ), B4(G e834 N 33 0 133 ), C2(Ge &i4 N 33 . 8 
O ia ), C3(Ge 58 . 8 N 206 O 206 ), C4(Ge 53 9 N^O^,), D2(Ge 595 N 385 O 20 ), D3(Ge 53 . 8 N 231 
0 231 ), D4(G e48 . 8 N 10 . 2 O 4I0 ), E2(Ge 496 N 47 9 0 25 ), E3(Ge^ 4 N^ 0 273 ), E4(Ge 42 . 3 N 115 
0 462 ), F2(Ge 42 . 4 N 547 0 29 ), F3(Ge 38 . 4 N a8 O 30 8 ), F4(Ge 3S5 N 129 0 516 ), and G2(Ge 348 
N 620 0 32 ), G3(Ge 326 N 337 0 337 ), G4(Ge 31 ., N 13 . 8 0 551 ) are denned as the 
composition points at which the following composition lines crosses one 
another. The composition lines are as follows: 
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a composition line B1-B5 connecting the composition point BUGe^ 
N 100 ) to the composition point BSCGe^ o N 20 0 ), 

a composition line C1-C5 connecting the composition point Cl(Ge 650 
N 35 0 ) to the composition point C5(Ge 50 0 N 50 0 ), 

a composition Hne D1-D5 connecting the composition point Dl^Ge^o 
N40.0) to the composition point DSCGe^ o N 550 ), 

a composition Une E1-E5 connecting the composition point El(Ge 500 
N so.o) to the composition point E5(Ge 40 0 N 600 ), 

a composition Une F1-F5 connecting the composition point Fl(Ge 429 N 57-1 ) 
to the composition point F5(Ge 33 3 N^), 

a composition hne G1-G5 connecting the composition point Gl(Ge 350 
N 650 ) to the composition point G5(Ge 30 0 N 700 ), 

a composition line A1-H2 connecting the composition point Al(Ge 100 ) to 
the composition point H2(N 95 0 O 50 ), 

a composition hne A1-H3 connecting the composition point Al(Ge 100 ) to 
the composition point H3(N 50 0 O 500 ), and 

a composition Hne A1-H4 connecting the composition point Al (Ge 100 ) to 
the composition point H4(N 20 0 O 80 0 ). 

That is, preferably the average composition ratio of Ge to N to O in the 
Ge-N-O layer is within the range surrounded by four composition points, that 
is, Bl, B4, G4, Gl in the triangular diagram showing the three-element 
composition Ge-N-O shown in FIG. 5. Within this range, there are such an 
effect that the cycle performance and the erasure performance can be 
enhanced as described above. 

Similarly to the case of the Ge-N layer, in case of the Ge-N-O layer, when 
the barrier layer is formed at the side opposite to the substrate of the recording 
layer (at the side which the laser beam is not incident on), in the process of 
recording and erasing, there is less possibility that the Ge atom is included in 
the recording layer. Accordingly, the layer can be applied to the composition 
region whose Ge density is considerably high. On the contrary, when the 
barrier layer is formed at the substrate side of the recording layer (at the side 
which the laser beam is incident on), there is more possibility that the Ge atom 
is included in the recording layer. Accordingly, it is not preferable that the 
layer is applied to the composition region whose Ge density is considerably 
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high. 

Accordingly, even within the composition region B1-B4-G4-G1, when the 
barrier layer is formed at the substrate side of the recording layer (at the side 
which the laser beam is incident on), the composition region surrounded by the 
5 four composition points, Dl, D4, G4, Gl is preferable. When the barrier layer 
is formed at the side opposite to the substrate of the recording layer (at the side 
which the laser beam is not-incident on), the composition region surrounded 
the four composition points Bl, B4, F4, Fl (preferably, Cl, C4, F4, Fl) is more 
preferable. 

1 0 When the Ge density exceeds the composition line B1-B4, there is more 

possibility that the Ge atom is included in the recording layer, thereby 
sometimes the characteristic of the recording layer is changed. On the 
contrary, when the Ge density is too less than the composition line G1-G4, 
gas-state oxygen and nitrogen included in the film are increased. Accordingly, 

1 5 for example, when a laser-heating is performed, the oxygen and nitrogen is 
outgassed relative to the interface to the recording layer, thereby sometimes 
there is occurred such a problem that the Ge-N-0 protective layer is peeled 
from the recording layer, etc.. However, any way, if the Ge-N-O protective 
layer is formed at least one side of the recording layer, a predetermined effect 

20 can be obtained. 

The component ratio of oxygen to nitrogen can be selected according to 
the optical constant (refractive index) when the structure of a recording device 
is determined. For example, in case of Ge 3 N 4 -Ge0 2 composition line, the 
closer a real part n and an imaginary part k of the complex refractive index 

25 n+ik approach to the Ge 3 N 4 side, the larger they become. The closer the real 
part n and the imaginary part k approach to the Ge0 2 side, the smaller they 
become. Accordingly, when larger n, k are necessary, the composition 
containing much nitrogen can be selected. When smaller n, k are necessary, 
the composition containing much oxygen can be selected. 

30 However, the higher the Ge0 2 density becomes, the lower the melting 

point of the film becomes. When the melting point becomes too low, since a 
deformation is occurred due to the repeated laser irradiation, and the 
protective layer is mixed with the recording layer, an excessively low melting 
point is not preferable as the protective layer. Furthermore, since Ge0 2 itself 
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is subject to melt into water, when Ge0 2 density becomes higher, there is such 
a problem that a moisture-proof of the protective layer is reduced. 

In the composition region sin-rounded by the composition points Bl, B4, 
G4, Gl (in addition to the composition points Bl, B4, Cl, C4, G4, Gl, for 
example Ge 35 N 30 O 35 , Ge^N^O^, GeJSi^O^ the good moisture-proof and cycle 
performance can be confirmed. In view of a repeating performance, in the 
region B1-B3-G3-G1 having a relatively less oxygen component (in addition to 
the composition points Bl, B3, G3, Gl, for example Ge^N^O^, Ge 42 N 53 0 5 , 
Ge 35 N 35 O 30 ), a good repeating performance can be confirmed. 

In the composition whose oxygen density is low, for example, in the 
composition having a less oxygen component than the composition line A1-H2, 
the rigidity becomes little larger. Accordingly, compared to the composition 
having more oxygen component, the composition having less oxygen density 
has a little tendency to generate the crack and the peeling. However, a little 
oxygen is added to the composition having less oxygen density, thereby such an 
effect that the peeling and the crack are prevented can be obtained. As 
described below, even in the composition having less oxygen than the 
composition line A1-H2, if the thickness of the Ge-N-(O) layer is about 300 nm, 
there is no practical problem. Accordingly, this region can be applied. 

When the Ge-N layer or the Ge-N-O layer is applied to the barrier layer, 
the film thickness thereof is needed to be at least 1 nm or more, preferably 2 
nm or more, more preferably 5 nm or more. When the film thickness is less 
than 1 nm, such an effect that the diffusion is suppressed is reduced. 
Furthermore, the difference between 2 nm and 5 nm is an allowance relative 
to the power. Even if the thickness of 5 nm needs a higher power than 2 nm, 
such an effect that the cycle performance is enhanced can be obtained 
according to the diffusion and the chemical reaction. When the film thickness 
is 5 nm, a basic diffusion suppression effect can be sufficiently obtained. If 
the thickness is 20 nm or more, the above effect can be more reproducibly 
obtained. 

When the Ge-N layer or the Ge-N-O layer is used as the protective layer, 
it is necessary that the thickness thereof is formed in such a manner that it is 
thicker than thickness of the layer used for the barrier layer. In case of a 
usual optical disk, the film thickness of the dielectric protective layer can be 
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only formed in order to have at most 300 nm. Accordingly, the thickness of 
about 300 nm is applied to the film thickness of the Ge-N protective layer or 
the Ge-N-O protective layer. In case of Ge-N layer or the Ge-N-O layer, there 
is no problem, and the crack and the like are not observed. Furthermore, in 
this point of view, there is such an advantage that the material system 
containing oxygen is not subject to crack. It is assumed that oxygen is 
included, thereby a structure flexibility is enhanced. 

Next, a method of preparing the optical information recording medium 
will be explained. The multi-layer film constituting the recording medium 
according to the present invention can be formed by a gas phase deposition 
method such as a vacuum deposition method, a DC sputtering method, a 
magnetron sputtering method, a laser sputtering method, an ion plating 
method, a CVD method and the like. Here, the example using the DC 
sputtering method and the magnetron sputtering method will be described. 

FIG. 6 shows an embodiment of an apparatus for preparing the optical 
information recording medium. FIG. 6 shows a generally schematic structure. 
In the first place, a vacuum tank 11 of a sputter chamber is a positive electrode. 
The vacuum tank 11 is connected to a plus of a direct current power source 13 
via a power source switch 12. Furthermore, the vacuum tank 11 is 
switching-connected to a matching circuit 15 connected to a high-frequency 
power source 14. Thereby, both of the DC sputtering using a direct current 
discharge and an RF sputtering using a high-frequency discharge can be 
carried out. The matching circuit 15 matches an impedance in the sputter 
chamber to the impedance at the power source. 

A bottom portion of the vacuum tank 11 is provided with four negative 
electrodes 16, 17, 18, 19 (negative electrodes 18, 19 not shown) which also 
serve as a water cooler. An insulating material 44 is disposed around each 
negative electrode 16, 17, 18, 19, thereby the negative electrodes 16, 17, 18, 19 
are insulated from the positive electrode. Furthermore, the negative 
electrodes 16, 17, 18, 19 can be grounded via switches 20, 21, 22, 23 (switches 
22 23 not shown). 

A Ge-Sb-Te alloy target 45 bonded to a copper backing plate, a ZnS-Si0 2 
(Si0 2 : 20 mol%) mixture target 46, an Al-Cr (Cr : 3 atoms%) alloy target 47 
and a Ge target 48 are fixed to the negative electrodes 16, 17, 18, 19 via an O 
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ring by a screw, respectively. Each target is disc-shaped, having a diameter of 
100 mm and a thickness of 6 mm. Furthermore, a permanent magnet (not 
shown) is accommodated in the negative electrodes 16, 17, 18, 19, thereby a 
magnetron discharge can be carried out. 

An air outlet 24 is disposed at a side surface the vacuum tank 11. A 
vacuum pump 26 is connected to the air outlet 24 via a pipe 25, thereby an 
exhaust can be carried out in such a manner that the sputter chamber is high 
vacuum. An upper portion of the vacuum tank 11 is provided with a rotating 
apparatus 27. A disk holder 29 is mounted to a rotary shaft 28 of the rotating 
apparatus 27. The substrate 1 is attached to the disk holder 29. A numeral 
30 denotes a shutter. The shutter 30 is closed so that a pre-sputter is carried 
out. Furthermore, the shutter 30 is opened and closed, thereby a sputter 
start and a sputter completion are controlled. 

One side of a gas pipe 31 for providing a sputter gas is connected to the 
1 5 vacuum tank 11. The other side of the gas pipe 31 is connected to an Ar gas 
cylinder 40, a Kr gas cylinder 41, an 0 2 gas cylinder 42 and an N 2 gas cylinder 
43 via a. mass flow meters 32, 33, 34, 35 and valves 36, 37, 38, 39, respectively. 
Thereby, aside from the usual sputtering in an Ar gas atmosphere, the 
sputtering in a Kr gas atmosphere, a mixed gas of Ar gas, Kr gas and N 2 gas 
20 atmosphere (for example, Ar+N,), a mixed gas of Ar gas, Kr gas, N 2 gas and 0 2 
gas atmosphere (for example, Ar+N^O,) can be carried out. The gas 
containing the nitrogen component is not limited to the N 2 gas, for example, 
ammonia, etc. is also included in the gas containing the nitrogen component. 
However, considering an apparatus contamination, etc., in general, the N 2 gas 
25 is preferable. When the Ge-N-O layer is formed, N 2 0, NO, NO, or the like is 
used as the gas containing both of N and O, and the sputtering can be also 
carried out in the mixed gas of Ar and them. 

The method of preparing the optical information recording medium 
having the structure shown in FIG. 3A as an embodiment of the optical 
information recording medium according to the present invention by using 
this apparatus will be described below. Here, simultaneously, such an 
example that the Ge-N layer or the Ge-N-O layer as the barrier layer is 
disposed at the substrate side of the recording layer will be explained 
(henceforth, in case of no particular explanation, an explanation is made in an 



30 



32 



order of Ge-N, Ge-N-O). 

In the first place, the vacuum pump 26 is actuated, thereby the vacuum 
tank is exhausted to a high vacuum of 1 x 10* 6 Torr or less. Next, a main valve 
is throttled, and at the same time. Ar gas is introduced into the vacuum tank, 
thereby a degree of vacuum reaches to 1 mTorr. The disk holder 29 is rotated, 
and the power source switch is turned on, thereby RF discharge is started by 
the ZnS-Si0 2 target 46 and the negative electrode 17. The pre-sputter is 
carried out with 500W power for five minutes, and after the discharge is 
stabled, the shutter 30 is opened. After a ZnS-Si0 2 film having a 
predetermined thickness (according to the embodiment, as described above, 91 
nm or 86 nm) is deposited on the substrate 1, the shutter 30 is closed. The 
protective layer 2 comprising the ZnS-Si0 2 film is formed on the substrate 1 
provided with the groove track portion 7. 

After the discharge is completed, once the main valve is entirely opened, 
the degree of vacuum is returned to 1 X 10* 6 Torr. Thenceforth, the main valve 
is throttled again, the Ar gas and the N 2 gas are introduced at the ratio of 50% 
to 50%, thereby the total pressure is set to 20 mTorr. Next, the RF discharge 
is started by the Ge target 48 and the negative electrode 19. After five-minute 
pre-sputtering, the shutter 30 is opened, and the reactive sputter is carried out 
with 500W. The barrier layer 8 whose main component is Ge-N having a 
predetermined thickness (according to the embodiment, as described above, 5 
nm or 20 nm) is formed on the previously formed ZnS-Si0 2 protective layer 2 
(since the opening and closing operation of the shutter 30 and the valve 
operation are similar to the case of forming the following layers, the 
explanation is omitted). When the barrier layer whose main component is 
Ge-N-O is formed, in the above process, instead of introducing the Ar gas and 
the N 2 gas at the ratio of 50% to 50%, the Ar gas, the N 2 gas and the 0 2 gas can 
be only introduced at the pressure ratio of 49.5% to 49.5% to 1%. Only this 
point is different from the above case. Similarly, the succeeding process is 
carried out. 

Since Ge has more tendency to form the oxide rather than the nitride, for 
example, the 0 2 density can be set considerably less than the N 2 density. In 
some cases, the mixed gas of the Ar gas and the gas containing an N 
component can be only used as an introducing gas, thereby the Ge-N film 
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containing oxygen, that is, the Ge-N-O layer can be formed. In this case, such 
an administration that the degree of vacuum is set within a predetermined 
range before introducing the gas, etc. is carried out, thereby the O density in 
the Ge-N-O layer can be controlled in such a manner that a desired O density 
5 is obtained. 

The composition of the Ge-N layer and the Ge-N-O layer can be 
identified by a combination of an auger electron spectral method (AES), a 
Ruthurford back scattering method (RBS), an Inductive Combination high- 
frequency plasma spectral method (ICP), and the like. The compositions in 

1 0 this case are Ge^N^, 064^40030, respectively. 

Next, DC discharge is started by the Ge-Sb-Te target 45 and the negative 
electrode 16, thereby the recording layer 3 is formed. The Ar gas is 
introduced so that the degree of vacuum is set to 0.5 mTorr. The sputtering 
is carried out with 100W power in such a manner that a predetermined film 

1 5 thickness (according to the embodiment, as described above, 20 nm) can be 
obtained. The formed recording layer 3 is in amorphous state. 

Next, the ZnS-Si0 2 film of the upper protective layer 4 is formed under 
the same condition as the lower protective layer 2 of a first layer in such a 
manner that a predetermined film thickness (according to the embodiment, as 

20 described above; 18 nm) can be obtained. Finally, the Al-Cr target 47 is DC 
sputtered in the Ar gas atmosphere of 2mTorr with 300W power. The Al-Cr 
alloy film of the metallic reflecting layer 5 is also deposited at a predetermined 
thickness (according to the embodiment, as described above, 150 nm), thereby 
the multi-layer film having a predetermined five-layer structure is formed on 

25 the substrate 1. 

The formed medium is taken out the vacuum tank 11, and the metallic 
reflecting layer 5 is covered with the ultraviolet curing resin. The dummy 
substrate is laminated on the covered metallic reflecting layer 5 so carefully 
not as to generate a bubble. In this state, the ultraviolet is irradiated, and a 

30 coated layer of the ultraviolet curing resin is cured, thereby an adhesive 
structure provided with a contact layer 9 and a protective defense plate 10. 

According to the above example, as the method of forming the Ge-N 
layer or the Ge-N-O layer, the metal Ge is used as the target, and the mixed 
gas of the Ar gas and the nitrogen gas or the mixed gas of the Ar gas, the 
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nitrogen gas and the oxygen gas are used so that the film is formed by the 
reactive sputtering method. However, there are other methods. 

Other methods are as follows. Instead of the metal Ge, a Ge-N 
compound (preferably Ge 3 N 4 ) is used as the target. The reactive sputtering is 
carried out in the mixed gas containing the rare gas and the nitrogen so that 
the film is prepared. Furthermore, a Ge-O compound (preferably, GeO, GeOo) 
is used as the target. The reactive sputtering is carried out in the mixed gas 
of the rare gas and the nitrogen, or in the mixed gas of the rare gas, the 
nitrogen-containing gas and the oxygen-containing gas so that the film is 
prepared. Furthermore, a Ge-N-O compound (for example, the compound of 
Ge 3 N 4 and Ge0 2 or GeO) is used as the target. The reactive sputtering is 
carried out in the mixed gas of the rare gas and the nitrogen-containing gas, or 
in the mixed gas of the rare gas, the nitrogen-containing gas and the oxygen- 
containing gas so that the film is formed. 

When the film is formed, in case that impurities such as Ar, H, Si, C, etc. 
contained in the sputter gas and the chamber are contained in the barrier 
layer 8, if the impurity density is 10 at % or less, the similar effect to the case 
that the impurity is not contained can be obtained. That is, preferably, the 
impurity density contained in the nitride and the oxide forming the barrier 
layer 8 is about 10 at % or less. In case of an admixture for positively 
enhancing the characteristic, the density is not limited to this range. For 
example, Cr can be added up to the same density as the Ge density at 
maximum, thereby Cr largely contributes to enhancing the adhesiveness to 
the recording layer, etc.. 

As a second method of forming the barrier layer, for example, the 
material of the recording layer is applied to the target, and the nitride and 
nitriding-oxide being the constituent elements of the recording layer are 
formed, thereby the barrier layer can be formed. For example, in case of a 
Ge-Sb-Te system recording layer, the Ge-Te-Sb alloy target is used so that Ge- 
Sb-Te-N and Ge-Sb-Te-N-O can be formed. In case of this method, for 
example, in the first place, after the protective layer is formed, the Ge-Sb-Te 
target is used, and the reactive sputtering is carried out in the mixed gas of 
Ar+N 2 thereby the Ge-Sb-Te-N film is formed in order to have a predetermined 
thickness. After then, Ar is used as the sputter gas, and the Ge-Sb-Te 
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recording layer is formed. By this process, only one target is used, thereby the 
barrier layer and the recording layer can be formed. 

According to the embodiment, such an example that the process of 
forming the recording layer is performed in inactive gas is shown. The 
nitrogen can be contained in the recording layer. In this case, the N 2 partial 
pressure is appropriately adjusted. In case of forming the recording layer, 
compared to the case of forming the barrier layer, a low N 2 density is selected, 
thereby the recording layer containing the nitrogen and the barrier layer can 
be laminated. Here, the example of preparing the optical information 
recording medium having the structure shown in FIG. 3A is shown. For 
example, as shown in FIG. 3F, in case of the structure having the protective 
layers comprising the barrier material at both sides of the recording layer 3, 
the protective layer comprising the nitride and nitriding-oxide, the recording 
layer and the protective layer comprising the nitride and nitriding-oxide can 
be formed according to the above process. 

Furthermore, for example, as shown in FIG. 3E, when the protective 
layer comprising the barrier material is formed on only the upper surface of 
the recording layer 3, naturally, the films can be formed in the order of the 
recording layer, the protective layer comprising the nitride and nitriding-oxide. 
In case of this method, since the composition of the recording layer is common 
to that of the barrier layer or the protective layer, there is less fear that the 
chemical reaction and the interdiffusion are occurred. Accordingly, a higher 
adhesiveness can be easily obtained. Extending this view, for example, when 
the Ge-Sb-Te recording layer is used, it is advantageous that the constituent 
elements of the Ge-Sb-Te recording layer, that is, the nitride and nitriding- 
oxide such as Te and Sb are used as the barrier layer and the protective layer 
themselves. In this case, the metal Te and the metal Sb are used as the target, 
and Te-N, Te-N-O and Sb-N, Sb-N-O can be selectively independently formed, 
respectively. In any case, the effect corresponding to the Ge-N-0 layer can be 
obtained. In case of the barrier layer and the protective layer using the 
nitride and the nitriding-oxide, for example, as shown by the case of Ge-N-O, 
the composition ratio of the nitrogen element, the oxygen element and the 
metal element is not limited to the stoichiometric composition. 

According to the present invention, when a heat is applied, in the 
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constituent element of the recording layer and/or the constituent element of 
the dielectric material layer, a material movement is suppressed. The layer 
having a higher adhesiveness to the recording layer and/or the dielectric 
material layer is adhesively formed on at least one surface of the recording 
layer. If this requirement can be only satisfied, the constituent element of the 
recording layer is not limited to nitriding-oxide. Accordingly, even if the 
constituent element of the recording layer is a carbide or a fluoride, the 
constituent element can be applied. For example, the constituent element of 
the recording layer may be the same as the constituent element (for example, 
Zn-N, Zn-N-O, etc.) of the dielectric protective layer. Furthermore, it is 
expected that the mixture of the compound except for nitriding-oxide can be 
applied. Even if In-Sb-Te and Ag-In-Sb-Te systems etc. which do not contain 
Ge are used as the recording material, the Ge-N film and the Ge-N-O film are 
effective. 

Next, the formed recording medium is initialized. The initialization is 
carried out by the laser irradiation, as described below. Any other method, for 
example, the method using a flush exposure can be applied. Here, the disk 
medium is rotated at linear rate of 5m/s at uniform rate, and the laser beam 
having a wavelength of 780 nm is formed in such a manner that an oblong spot 
of 1 u m X 100 p. m (a half value width) is formed on the disk. The disk 
medium is located in such a manner that the longitudinal direction of the 
oblong spot thereof is a radius direction. The crystallization is sequentially 
carried out at a pitch of 30 U m/rotation from an outer diameter to an inner 
diameter. 

Thereby, the method of preparing the optical information recording 
medium according to one embodiment of the present invention is shown. If 
the number of layers and the layer thickness of the disk are changed, the 
above method is substantially similar. Furthermore, the medium having 
various structures as shown in Figs. 3A to 3H and Figs. 4A to 4H can be 
similarly formed. 

Furthermore, a disk comprising a plurality of laminated recording layers 
in which a multi-layer recording can be carried out, and a disk comprising two 
laminated disks with rear surfaces thereof in which the record can be 
reproduced at both sides can be applied to the present invention. 
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Next, the signal is recorded on the optical information medium prepared 
by the above method, and the method of reproducing the record will be 
explained. In order to estimate the recording and reproducing characteristic, 
a deck is used. The deck is provided with a semiconductor laser light source 
whose wavelength is 680 nm, an optical head mounting an objective lens 
whose numerical aperture is 0.6, a linear motor for guiding the optical head to 
an optional position of the recording medium, a tracking servo mechanism for 
controlling a positioning, a circuit for the tracking servo mechanism, a focusing 
servo mechanism for controlling an attitude of the optical head and for 
irradiating a recording film surface with a laser spot, a circuit for the focusing 
servo mechanism, a laser drive circuit for modulating a power of the laser, a 
time interval analyzer for measuring a jitter value of the reproduced signal, 
and a rotation control mechanism for rotating the optical disk. 

When the signal is recorded or overwritten, in the first place, the disk is 
rotated at a predetermined rate. The linear motor is operated so that the 
optical head is moved to the optional track position. Next, the focusing servo 
mechanism is operated so that the laser spot is focused on the recording film 
surface. Next, the tracking servo mechanism is operated so that the laser 
beam is tracked to an optional track. Next, the laser drive circuit is operated 
so that the power of the outputted laser is modulated corresponding to the 
information signal between an amorphizing pulse portion having a power level 
whose irradiation energy is relatively high and a crystallizing pulse portion 
having a power level whose irradiation energy is relatively low, as shown in 
FIG. 7. The optical information recording medium is irradiated with the laser 
beam, thereby such a state that an amorphous state and a crystalline state 
alternately exist is formed. 

Apeak pulse portion comprises a usually so-called multi-path formed by 
further narrow pulse sequence. After the irradiated portion in the 
amorphizing pulse portion is melted in an instant, the portion is quenched, 
thereby the portion is in the amorphous state. The irradiated portion in the 
crystallizing pulse portion is annealed, thereby the portion is in the crystalline 
state. 

Next, when the signal is reproduced, the irradiation power of the laser 
beam is set to a reproducing power level lower than the power level used for 
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the crystallization in such a manner that the optical information recording 
medium is not further changed. The optically changed portion is irradiated 
with the laser beam, and a detector receives and detects a strength change 
generated corresponding to a difference between the amorphous state and the 
5 crystalline state of the reflecting light or the transmitted light. 

A pulse waveform is not limited to the waveform shown in FIG. 7. For 
example, as shown in FIG. 8, (A) the amorphizing pulse is modulated between 
the amorphizing power level and the level less than the reproducing power 
level, (B) only pulse widths of a top pulse and a tail pulse are relatively longer 
1 0 than the pulse width of a intermediate pulse, (C) the amorphizing pulse width 
p makes equal, (D) when the laser beam is amorphized, without a pulse 

ff t modulation, the beam is irradiated, (E) such a period that the pulse has the 

yy power level less than the reproducing power level is necessarily provided 

51 before and/or after the amorphizing pulse, or the waveforms as shown in (A) to 

fy 15 (E) are combined to one another, etc.. Thereby, various recording systems, 
^ reproducing systems and erasure systems can be applied. 

D A signal system is EFM, a shortest recording mark length is 0.61 tt m, 

g and a shortest bit length is 0.41 n m. The disk is fixed to a turn table, and it 

W is rotated at 2045 rpm. At the position whose recording radius is 28 mm 

20 (linear rate 6m/s), the overwrite of a random signal for recording a mark 
length within the range from 3T to 11T on the groove track is repeated. The 
change of the signal amplitude and the jitter value (the ratio ( o sum/Tw) of o 
sum, that is, a sum of a standard deviation o of the jitter value of each signal 
mark 3T-11T to a window width Tw(=34ns), the jitter value can be only 12.8% 
25 or less) is examined. 

For a comparison, three kinds of disks (A), (B), (C) are made on an 
experimental basis and estimated. The disks are as follows: (A) two disks 
comprising the structure according to the embodiment (a disk Al is a Ge-N 
barrier layer disk, a disk A2 is a Ge-N-O barrier layer disk), (B) a disk 
30 comprising a conventional structure, that is, the structure of the disk (A) 
except for the Ge-N barrier layer or the Ge-N-O barrier layer, and (C) a disk 
comprising the conventional structure in which an Si 3 N 4 interface layer is 
formed instead of the Ge-N barrier layer or the Ge-N-O barrier layer of the 
disk (A) according to the embodiment. 
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According to a first estimate item, after the record is repeated at 100,000 
times, the jitter value (measured by such a method that the jitter between 
each mark front end and the jitter between each mark rear end are 
independently measured) is estimated. Such a case that both of the jitter 
between the mark front end and the front end and the jitter between the mark 
rear end and the rear end are less than a reference value and the jitter value is 
scarcely changed is represented by ©. Such a case that although the jitter 
value is changed, the jitter value itself remains less than the reference value is 
represented by O. Such a case that after 100,000-time repeating, the jitter 
slightly exceeds the reference value is represented by A. Such a case that 
after 10,000-time repeating, the jitter value already exceeds the reference 
value is represented by X . The power for estimate is set to a higher value by 
about 10% than a lowest limit jitter value, where the lowest limit jitter value 
denotes the value when an initial jitter value satisfies the value less than 
12.8%. 

According to a second estimate item, after 100,000-time repeating in the 
above experimental track, the amplitude value is observed, and the result is 
estimated. Such a case that less change is found is represented by ©. Such 
a case that about 10% change is found is represented by O. Such a case that 
about 20% change is found is represented by A. Such a case that the 
amplitude value is reduced to more than 20% is represented by X . 

A third estimate item is a weather-proof. After the disks are left to 
stand under a high-temperature (90 *C ) and high-humidity (80%RH) 
environment for 200 hours and for 400 hours, the disks are examined with a 
microscope. Such a case that no change is found even after 400 hours is 
represented by ©. Such a case that a slight peeling, etc. is found after 200 
hours is represented by O. Such a case that a slight peeling is observed in 
200 hours is represented by A. Such a case that a large peeling is observed 
within 200 hours is represented by X . 

The above experimental results are shown in Table 2. Thus, the 
structure according to the present invention is superior to the conventional 
structure in view of the repeating characteristic and the weatherproof. 
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Table 2 

Result 1 of comparing the characteristics of the optical disk applying the 
barrier layer according to the present invention to those of the prior art 



Disk 


Estimate Items 


Jitter 


Signal 
Amplitude 


Weather-proof 
(Peeling, etc.) 


Al 
A2 
B 
C 


© 

© 

A 

o 


© 
© 
A 
O 


© 
©- 
© 
X 



5 Next, in order that the effect of the barrier layer relative to the erasure 

performance is confirmed, the result of a comparative test is shown. A disk 
(D) comprising the structure shown in FIG. 3B in which the barrier layer is 
used only at the reflecting layer side of the recording layer in Table 1, and a 
disk (E) comprising the structure shown in FIG. 3C in which the barrier layer 

10 is used at both sides of the recording layer are produced by the above method. 
The disks (D) and (E) are initialized. The composition of the reflecting layer 
and the recording layer is same as that of the disks (A) and (B). 

The disks (Dl) and (D2) comprise a laminated-layer structure, in which 
a ZnS-Si0 2 protective layer (86 nm), a Ge-Sb-Te recording layer (20 nm), a Ge- 

15 N or Ge-N-O barrier layer (5 nm), a ZnS-Si0 2 protective layer (18 nm) and an 
Al-Cr reflecting layer (150 nm) on the substrate. The disks (El) and (E2) 
comprise a laminated-layer structure, in which a ZnS-Si0 2 protective layer (86 
nm), a Ge-N or Ge-N-O barrier layer (5 nm), a Ge-Sb-Te recording layer (20 
nm), a Ge-N or Ge-N-O barrier layer (5 nm), a ZnS-Si0 2 protective layer (12 

20 nm), and an Al-Cr reflecting layer (150 nm). 

Here, when the Ge-N layer or the Ge-N-O layer is formed at the 
reflecting layer side of the recording layer, compared to the case that the Ge-N 
layer or the Ge-N-O layer is formed at the substrate side, the pressure ratio of 
the N 2 gas relative to Ar gas is reduced. The gas is introduced at the ratio of 

25 80% Ar gas to 20% N 2 gas, or in the ratio of 80% Ar gas to 19.5% N 2 gas to 0.5% 
0 2 gas. The sputtering is carried out at the total pressure of 20 mTorr. As a 
result, the average composition of the Ge-N layer at the reflecting layer side is 
Ge 63 N 35 , and the composition of the Ge-N-O layer at the reflecting layer side is 
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The disks (A) to (E) are rotated at the linear rate 6m/s, and the result is 
recorded according to the above method. Here, a single signal having a 3T 
mark length is recorded. And after C/N ratio is measured, immediately the 
overwrite of a 11T signal is recorded. Thereby the 3T signal is erased, and a 
damping factor ratio (a degree of erasure) is measured. Next, after another 
signal is recorded, the disks are left to stand in a dryer at 90^, the overwrite of 
the 11T signal is recorded, and the degree of erasure is measured. The 
leaving time is two conditions, that is, 100 hours and 200 hours. The result is 
shown in Table 3. 

In Table 3, © denotes that a sufficiently high erasure ratio more than 
35dB is obtained. O denotes that the erasure ratio more than 30dB is 
obtained. A denotes that the erasure ratio more than 26dB is obtained. X 
denotes that the erasure ratio is reduced to less than 26dB. Thereby, the Ge- 
N barrier layer or the Ge-N-O barrier layer is applied, thereby the erasure 
performance is enhanced. More specifically, when the barrier layer is formed 
at the reflecting layer side of the recording layer, a higher effect can be 
obtained. 

Table 3 



Result 2 of comparing the characteristics of the optical disk applying the 
interface layer according to the present invention to those of the prior art 



Disk 


Estimate Items 
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Henceforth, according to more detailed experimental data, the present 
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invention will be explained in detail. FIG. 9 schematically shows a film 
formation apparatus used for the following experiment. A vacuum pump (not 
shown) is connected to a vacuum container 49 through an air outlet 50 so that 
a high vacuum can be kept in the vacuum container 49. From a gas 
supplying opening 51, the Ar gas, the nitrogen gas, the oxygen gas or the 
mixed gas of them can be appropriately provided at a constant flow rate on 
demand. A numeral 52 denotes a substrate. The substrate 52 is mounted to 
a drive apparatus 53 for rotating the substrate 52. A numeral 54 denotes a 
sputter target. The sputter target 54 is connected to a negative electrode 55. 
Here, a disc-shaped material having a diameter of 10 cm and a thickness of 6 
mm is used as the target. The negative electrode 55 is connected to a direct 
current power source or a high-frequency power source through a switch (not 
shown). Furthermore, the vacuum container 49 is grounded, thereby the 
vacuum container 49 and the substrate 52 are kept a positive electrode. 

Figure 17 shows an exemplary structure of a layer of an optical 
information recording medium of the present invention. This optical 
information recording medium includes a protective layer 62, a first diffusion 
preventing layer (Ge-containing layer) 67, a recording layer 63, a second 
diffusion preventing layer (Ge-containing layer) 68, and a reflection layer 65, 
which are laminated on a substrate 61 in this order. 

Optical information can be recorded, erased and reproduced on the 
recording layer 63. 

The diffusion preventing layer is preferably formed on at least one 
surface of the recording layer 63. The diffusion preventing layers 67 and 68 
are formed for the purpose of preventing atoms from diffusing between the 
recording layer 63 and layers adjacent to the recording layer 63. When the 
protective layer comprises sulfur or a sulfide, the diffusion preventing layer is 
particularly effective to prevent these components from diffusing. Although 
the diffusion preventing layer can be formed on either one surface or both 
faces of the recording layer 63, it is preferable to form on both faces of the 
recording layer in order to prevent atoms from diffusing between the layers 
more effectively, as shown in Figure 17. When the diffusion preventing layer 
is formed on only one surface of the recording layer, it is preferable to form the 
diffusion preventing layer on the side that has a larger load of heat at the 
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recording layer interface, namely, on the side where the temperature-rise at 
the recording layer interface at the time of marking and erasing is large. 
This is generally the side the laser beams strike. 

The components included in the diffusion preventing layer may 
5 diffuse to the recording layer after recording information repeatedly. 

However, the selection of a suitable composition of a material for the diffusion 
preventing layer that hardly interferes with a change in the optical 
characteristics of the recording layer can prevent a harm caused by such 
diffusion. 

1 0 In this embodiment, the diffusion preventing layers 67 and 68 are 

mainly composed of GeXN or GeXON, where X represents at least one 
element selected from the group consisting of elements belonging to Groups 
Ilia, IVa, Va, Via, Vila, VIII, lb and lib, and C. X is not particularly limited, 
but X is preferably at least one element selected from the group consisting of 

15 Ti, V, Cr, Mn, Cu, Zn, Zr, Nb, Mo, Pd, Ag, Cd, Hf, Ta, W, Fe, Co, Ni, Y, La and 
Au, more preferably at least one element selected from the group consisting of 
Cr, Mo, Mn, Ti, Zr, Nb, Ta, Fe, Co, Ni, Y and La, and further more preferably 
at least one element selected from the group consisting of Cr, Mo, Mn, Ni, Co 
and La. 

20 The reason why the addition of X improves the durability of the 

medium is believed to be that the added X suppresses the introduction of 
moisture into the diffusion preventing layer, although this is not firmly 
confirmed. A possible mechanism is as follows. In a GeN or GeON layer, 
Ge-N bonds change to Ge-O or Ge-OH bonds under the conditions of high 

25 temperature and high humidity and are ready to corrode. When X that is 

oxidized relatively easily is added to the layer, the phenomenon of oxidation or 
hydration of Ge is suppressed. It is also possible that the production of 
dangling bonds of Ge present in a GeN or GeON layer is suppressed by the 
addition of X, and thus the formation of Ge-OH bonds is suppressed. It is 

30 believed that this is the reason why preferable examples of X are Cr, Mo, Mn, 
Ti, Zr, Nb, Ta, Fe, Co, Ni, Y and La (further more preferably Cr, Mo, Mn, Ni, 
Co and La). 

These diffusion preventing layers 67 and 68 differ from conventional 
layers including a nitride such as boron nitride, aluminum nitride, silicon 
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nitride or the like, in that the diffusion preventing layers 67 and 68 comprise a 
nitride or a nitrogen oxide of germanium as the basic component. The 
conventionally used nitride provides poor adhesiveness between the diffusion 
preventing layer and the recording layer or the substrate due to the internal 
stress, the slip property or the like. On the other hand, germanium nitride or 
germanium nitrogen oxide provides good adhesiveness with the recording 
layer or the like and has an effect of suppressing the movement of elements. 
The addition of the above-described X to such germanium nitride (nitrogen 
oxide) provides the diffusion preventing layers 67 and 68 with better 
durability and characteristics in repetitive recording. 

However, the optical information recording medium is not limited to 
the structure as described above but can have other structures. For example, 
the protective layer 62 can be formed of the material of the diffusion 
preventing layer 67; a layer formed of another material (e.g., a semiconductor 
such as Si or Ge, a metal such as Cr, Mo or Nb, a variety of dielectrics, 
combinations thereof or the like) can be formed between the diffusion 
preventing layer 68 and the reflection layer 65; a dielectric layer can be 
formed in a relatively large thickness between the diffusion preventing layer 
68 and the reflection layer 65, which is a so-called annealing structure; a 
reflection layer need not to be formed; the reflection layer can be composed of 
two layers; or another film made of another material can be formed between 
the substrate 61 and the protective layer 62. Any of these structures and 
others can make use of the present invention. 

The substrate 61 is preferably formed of a resin such as polycarbonate, 
PMMA or glass and preferably includes a guiding groove for guiding laser 
beams. 

The protective layer 62 is formed for the purpose of protecting the 
recording layer, improving the adhesiveness with the substrate, adjusting the 
optical characteristics of the medium or the like. The protective layer 62 is 
preferably formed of a dielectric such as a sulfide such as ZnS, an oxide such 
as Si0 2 , Ta 2 O i5 or A1 2 0 3 , a nitride such as Ge 3 N 4 , Si 3 N 4 or A1N, a nitrogen oxide 
such as GeON, SiON or AlON, a carbide, a fluoride or the like, or 
combinations thereof (e.g., ZnS-SiOo). 

The reflection layer 65 is preferably formed of a metal such as Au, Al, 
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Cr, Ni or the like, or an alloy of metals suitably selected from these metals. 

The recording layer 63 is preferably formed of a phase-changeable 
material such as a Ge-Sb-Te based material, a Te-Sn-Ge based material, a Te- 
Sb-Ge-Se based material, a Te-Sn-Ge-Au based material, an Ag-In-Sb-Te 
5 based material, an In-Sb-Se based material, an In-Te-Se based material, more 
specifically, an alloy of each material. The recording layer 63 is preferably 
formed of a phase-changeable material comprising Te, Se or Sb as the main 
component, and more preferably a phase-changeable material comprising 
three elements of Ge, Te and Sb as the main component. 
1 0 The thickness of the recording layer 63 is preferably in the range from 

5 nm to 25 nm. When the thickness is less than 5 nm, the recording material 
is hardly formed into a layer. When the thickness is more than 25 nm, heat 
transfer becomes large in the recording layer, so that erasion is likely to occur 
in adjacent portions during high-density recording. 
1 5 The recording layer 63 may comprise impurities such as sputtering 

components such as Ar, Kr, or the like, or H, C, H 2 0 or the like, but it does not 
matter even if impurities are included, as long as the object of the present 
invention can be achieved. Furthermore, the diffusion preventing layers 67 
and 68 and the protective layer 62 may comprise impurities such as 
20 sputtering components such as Ar, Kr, or the like, or H, C, H 2 0 or the like, as 
in the case of the recording layer 63, but it does not matter even if impurities 
are included, as long as the object of the present invention can be achieved. 

Hereinafter, the diffusion preventing layers 67 and 68 will be detailed. 
The composition of the diffusion preventing layer is preferably 
25 represented by (Ge.^fi^ where g > 0, h ^ 0, i > 0, and g + h + i = 100; 
and y is a value larger than 0 and smaller than 1, preferably 0. 5 or smaller for 
the reason discussed later. 

In order to reduce excess atoms, the composition ratio of (GeX), O and 
N in the diffusion preventing layers 67 and 68 preferably has numerical 
30 values which he within the range represented by the area ABDC in the 

ternary phase diagram of (GeX), O and N of Figure 18, where the points A, B, 
C and D are as follows: 

A ((GeX) 90 . 0 O 00 N 10 . 0 ) ) B ((GeX^.O^N^, 

C ((GeX) 35 . 0 O 00 N 65 . 0 ), D ((GeX) 3 , 1 0 55J N 13 . 8 ), and more 
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preferably the area EFDC in the ternary phase diagram of Figure 18, where 
additional points E and F are as follows: 

E ((GeX) w . 0 O ao N 8B .a), F ((GeX) 53 , 9 O a20 N 3a9 ), where (GeX) 
represents the total amount of Ge and X. 

Since the diffusion preventing layer is susceptible to heat load during 
repetitive recording, the composition ratio in this layer is preferably within 
the range represented by the area EFDC (in order words, a stoichiometric 
composition in the vicinity of Ge 3 N 4 -Ge0 2 line in the ternary phase diagram). 
On the other hand, it is preferable not to comprise excess N or O in the 
composition ratio of the diffusion preventing layer 68 in view of the 
adhesiveness with the recording layer. Therefore, the composition ratio is 
preferably slightly on the side of the apex of GeX than the Ge 3 N 4 -Ge0 2 line. 

When Ge or X that is not bonded to nitrogen or oxygen is present 
excessively, the excess Ge or X diffuses to the recording layer. This may 
interfere with the change in the optical characteristics of the recording layer. 
On the other hand, if nitrogen or oxygen that is not bonded to Ge or X is 
present excessively, the excess atoms of nitrogen and oxygen flood into the 
recording layer. This may interfere with recording. Therefore, the diffusion 
preventing layers 7 and 8 preferably have (GeX) at such a composition ratio 
that X is 50 atom% or less (i.e., 0 < y ^ 0.5 in Ge^JCy). When the content of 
X is more than 50 atom% of the content of GeX, the substance X floods into the 
recording layer after repeated recording, and this tends to interfere with the 
change in the optical characteristics of the recording layer. For the same 
reason, the content of X is more preferably 40 atom% or less of the content of 
GeX, and most preferably 30 atom% or less. On the other hand, the content 
of X is preferably 10 atom% or more of the content of GeX. The content of X 
of less than 10 atom% may not provide as useful an effect from the addition of 
the substance X. 

The thickness of the diffusion preventing layer is preferably 1 nm or 
more. The thickness of less than 1 nm reduces the effect as the diffusion 
preventing layer. The upper limit of the thickness of the diffusion preventing 
layer, for example the diffusion preventing layer on the side closer to 
irradiation of laser beams than the recording layer, is in the range where a 
sufficient intensity of laser beams so as to record information in or reproduce 
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information from the recording layer can be obtained. The intensity of the 
laser beams can be suitably set depending on the laser power or the material 
used for the recording layer. 

In the case where the diffusion preventing layers are formed in 
contact with both faces of the recording layer, it is preferable to use diffusion 
preventing layers having different compositions. For example, since the 
layer on the surface on which laser beams are incident is susceptible to the 
load of heat during repetitive recording, the layer preferably has a smaller 
content of X than the layer on the opposite surface. Furthermore, the layer 
formed immediately after the formation of the recording layer has a lower 
adhesiveness than the layer formed immediately before the formation of the 
recording layer. Therefore, it is preferable that the diffusion preventing layer 
formed immediately after the formation of the recording layer has a larger 
content of X than the layer formed immediately before the formation of the 
recording layer. Therefore, in the case where the diffusion preventing layer 
on the surface on which laser beams are incident has a composition 
represented by (Ge^ J^ a O b N c (a > 0, b ^ 0, c> 0, 0 < m < 1, preferably 0 < m 
^ 0.5), and the diffusion preventing layer on the opposite surface has a 
composition represented by (Ge 1 . n X n ) d O e N f (d > 0, e ^ 0, f > 0, 0 < n < 1, 
preferably 0 < n ^ 0.5), m is preferably smaller than n. In the case where 
the diffusion preventing layer is formed in contact with the substrate, in order 
to improve adhesiveness between the substrate and the diffusion preventing 
film, it is preferable to form the diffusion preventing layer of a material 
comprising oxygen or to increase the content of oxygen at the interface 
between the diffusion preventing layer and the substrate. 

Next, a method for producing the optical information recording 
medium of the present invention will be described. A multilayer structure 
forming the optical information recording medium can be produced by 
sputtering, a vacuum evaporation method, a chemical vapor deposition (CVD) 
method or the like. In this embodiment, sputtering is used. Figure 19 is a 
schematic view showing an exemplary film-forming apparatus. 

A vacuum pump (not shown) is connected to a vacuum container 69 
through an air outlet 75 so that a high degree of vacuum can be maintained in 
the vacuum container 69. A constant flow rate of Ar, nitrogen, oxygen or a 
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mixed gas thereof can be supplied from a gas supply inlet 74. A substrate 70 
is attached to a driving apparatus 71 for revolving the substrate 70. Each 
sputtering target 72 is connected to a cathode 73. The shape of the target is, 
for example, a disk having a diameter of about 10 cm and a thickness of about 
6 mm. The cathode 73 is connected to a direct current power source or a high 
frequency power source (not shown) through a switch. Furthermore, the 
vacuum container 69 is grounded so that the vacuum container 69 and the 
substrate 70 are utilized as anodes. 

In the process for producing the optical information recording medium 
performed by using such an apparatus, a diffusion preventing layer is formed 
before and/or after a process for forming a recording layer. 

As a target for forming the recording layer 63, for example, a GeTeSb 
target can be used. 

When the diffusion preventing layers 67 and 68 are formed by 
reactive sputtering, a film with good quality can be obtained. It is preferable 
to use an alloy of Ge and X or a mixture of Ge and X. Moreover, nitrogen can 
be included in the target. For example, in the case where GeCrN is formed 
as a diffusion preventing layer, a GeCr target or a GeCr target further 
provided with N can be used. Furthermore, it is preferable to use a mixed 
gas of rare gas and nitrogen (No) as a film-forming gas. A mixed gas of rare 
gas and gas containing nitrogen atoms such as N 2 0, N0 2 , NO, N 2 or a mixture 
thereof can be used as a film-forming gas. Furthermore, in order to avoid a 
rigid film or a film having a large stress, it is preferable to add a trace of 
oxygen to the film-forming gas. A film with good quality may be obtained. 
The total pressure of the film-forming gas is preferably 1.0 mTorr or more. 

Furthermore, the partial pressure of nitrogen is preferably 10% or 
more of the total pressure of the film -forming gas, because an excessively low 
partial pressure makes it difficult to form a nitride and thus difficult to form a 
nitride having a desired composition. A preferable upper limit of the partial 
pressure is in the range that provides stable discharge, for example, about 
60%. 

Next, a method for reproducing and erasing information recorded in 
the thus obtained optical information recording medium of the present 
invention will be described. 
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For reproducing and erasing signals, a semiconductor laser light 
source, an optical head including an object lens, a driving apparatus for 
guiding laser beams to a predetermined position for irradiation, a tracking 
control apparatus and a focusing control apparatus for controlling a position 
5 orthogonal to a track direction and a surface of a film, a laser driving 
apparatus for adjusting laser power, and a rotation control apparatus for 
rotating the medium are used. These apparatuses are conventionally used 
by those skilled in the art. 

For recording and erasing signals, laser beams are focused on a 

1 0 microspot by an optical system, and the medium rotated by the rotation 

control apparatus is irradiated with the laser beams. Herein, a power level 
for the formation of an amorphous state that allows a portion in the recording 
layer to reversibly change to an amorphous state by irradiation of laser beams 
is represented by A power level for the formation of a crystalline state 

1 5 that allows a portion in the recording layer to reversibly change to a 

crystalline state by irradiation of laser beams is represented by P 2 . By 
adjusting the power of the irradiated laser beams between P x and P 2 , marks 
are recorded or erased portions are formed, and recording, erasing or 
overwriting information can be performed selectively. In this embodiment, a 

20 so-called multiple pulse, where pulse trains are formed in a portion irradiated 
with laser beams having a power level of P v is formed. However, other types 
of pulse than the multiple pulse can be used. 

On the other hand, signals from the medium obtained by irradiating 
the medium with laser beams having a power level P 3 are read by a detector 

25 so as to reproduce the information signals. Herein, P 3 is a reproduction 

power level lower than the power levels P x and P 2 , and the irradiation of laser 
beams having P 3 does not influence the optical state of the recorded marks 
and provides a sufficient reflectance so as to reproduce the recorded marks 
from the medium. 

30 Examples of the conditions are as follows: the wavelength of the laser 

beams is 650 nm; the numerical aperture of the used object lens is 0.60; the 
signal system is an EFM modulation system; the minimum bit length is 0.41 
U m; the scanning speed of the laser beams in the track direction is 6 m/s; the 
track pitch is 1.48 tt m, i.e., a groove and a land (a portion between grooves) 
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are alternately formed at every 0.74 u m on a substrate. However, a 
substrate may include grooves and lands formed at a different width ratio. 

In the method for using the optical information recording medium, the 
conditions are not limited to those described above. 

Furthermore, it is preferable to perform so-called "land-groove 
recording" where recording, reproducing and erasing information signals are 
performed in both the groove portion and the land portion in a guiding groove, 
because this allows a medium to have a large capacity. In this case, it is 
necessary to form a suitable depth and shape of the guiding groove and a 
structure having a suitable reflectance of the medium so that cross-talk or 
cross-erase does not occur. 

(Example 1) 

The optical disks having the layer structure shown in Figs. 3A and 3B (a 
disk (1) and a disk (3) in a table 4) are made on a experimental basis. The 
recording layer 3 comprises a phase change material whose main component is 
a Ge2Sb2.3Te5 alloy, and the dielectric protective layers 2 and 4 comprises a 
ZnS-Si0 2 film. When the film is formed, the gas is supplied in such a manner 
that each total pressure of the Ar gas becomes 1.0 mTorr and 0.5 mTorr, 
respectively, and each of the powers DC1.27 W/cm 2 and RF6.37 W/cm 2 is 
introduced into the negative electrode 55, respectively. Furthermore, when 
the reflecting layer (AlCr) 5 is formed, the Ar gas is supplied in such a manner 
that the total pressure becomes 3.0 mTorr, thereby the power DC 4.45W/cm 2 is 
introduced. 

In the disk (1), after the dielectric protective layer is formed, sequentially, 
the barrier layer 8 is formed. In the disk (3), after the recording layer 3 is 
formed, sequentially, the barrier layer 8 is formed. In this case, Ge is used as 
the target, and the mixture of Ar and nitrogen is used as the sputter gas. 
Furthermore, the sputter gas pressure is 20 mTorr, the partial pressure ratio 
of Ar to nitrogen in the sputter gas is 2 : 1, and the sputter power is RF700W. 
Since the target is a disc whose diameter is 10 cm, converted into a sputter 
power density, the sputter power density is 6.37W/cm 2 . 

The film thickness of each layer is as follows: the disk (1) comprises the 
dielectric protective layer 2 having 86 nm, the barrier layer 8 having 5 nm, the 
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recording layer 3 having 20 nm, the dielectric protective layer 4 having 17.7 
nm and the reflecting layer 5 having 150 nm, and the disk (3) comprises the 
dielectric protective layer 2 having 91 nm, the recording layer 3 having 20 nm, 
the barrier layer 8 having 10 nm, the dielectric protective layer 4 having 15.2 
5 nm and the reflecting layer 5 having 150 nm. As a comparative example, the 
conventional structure shown in Fig. 1 (a disk (0)) having no barrier layer is 
similarly produced, and it is compared to the disks (1) and (3). The disk (0) is 
provided with the dielectric protective layers 2 and 4 comprising the mixture of 
ZnS and Si0 2 , and each layer film thickness is 91 nm and 17.7 nm, 

1 0 respectively. Furthermore, the recording layer 3 comprising a Ge2Sb2.8Tfe5 
alloy has the film thickness of 20 nm. The reflecting layer 5 comprising AlCr 
has the film thickness of 150 nm. 

The repeating characteristic of the disks (1), (3), (0) is shown in Table 4. 
In Table 4, the repeating record characteristic is examined by the following 

1 5 method. That is, as described above, the EFM signal system is used. When 
the shortest mark length becomes 0.61 U m, the marks 3T to 11T are recorded. 
The value resulted from dividing the jitter value between each front end and 
the jitter value between each rear end by the window width T (henceforth, 
referred to as the jitter value) is examined. As a result, the case that after 

20 150,000-time repeating record, both of the jitter value between the front ends 
and the jitter value between the rear ends do not exceed 13% is represented by 
®. The case that after 150,000-time repeating, although at least either the 
jitter value between the front ends or the jitter value between the rear ends 
exceeds 13%, after 100,000-time repeating, both of them do not exceed 13% is 

25 represented by O. The case that after 100,000-time repeating, at least either 
the jitter value between the front ends or the jitter value between the rear 
ends exceeds 13% is represented by X . Thereby, in the disk provided with 
the barrier layer 8 having the structure according to the present invention, 
compared to the prior art, the repeating characteristic is enhanced. 

30 

(Example 2) 

All the protective layers at the substrate side of the disk (1) in Table 4 in 
the example 1 are changed to the Ge-N layer or the Ge-N-O layer, thereby a 
disk (5) is formed (accordingly, the Ge-N protective layer or the Ge-N-O 
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protective layer whose thickness is 91 nm is formed at the substrate side of the 
recording layer). Furthermore, all the protective layers at the reflecting layer 
side of the disk (3) in Table 4 are changed to the Ge-N layer or the Ge-N-O 
layer, thereby a disk (6) is formed (accordingly, the Ge-N protective layer or the 
Ge-N-O protective layer whose thickness is 25.2 nm is formed at the reflecting 
layer side of the recording layer). The repeating characteristic of disks (5) and 
(6) is examined by the same method as the example 1. Both of them can 
similarly obtain the result ©. That is, the Ge-N layer or the Ge-N-O layer 
can be formed in such a manner that the Ge-N layer or the Ge-N-O layer can 
obtain a thickness necessary for the protective layer. Furthermore, even in 
this case, the excellent repeating performance can be obtained. 

(Example 3) 

Next, the recording layer 3 comprises a phase change material whose 
main component is a Ge2Sb2.3Te5 alloy, when the barrier layer 8 is formed, Sb 
is used as the target, and the mixture of Ar and nitrogen is used as the sputter 
gas. On the above condition, the films comprising the structure shown in Figs. 
3A and 3B are formed (a disk (2), a disk (4)). In this case, the film thickness of 
each layer is same as the thickness in the above case that Ge is used as the 
target. The spatter gas pressure of the barrier layer 8 is 20 mTorr, and the 
partial pressure ratio of Ar to nitrogen in the sputter gas is 3 to 1. In this case, 
the result of the repeating characteristic is shown in disk numbers (2) and (4) 
in Table 4. 

According to Table 4, compared to the case that Ge is used as the target 
so that the film is formed, although the number of repeatable times is inferior, 
better repeating characteristic can be obtained than the comparative example. 
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Table 4 



Result 3 of comparing the characteristics of the optical disk applying the 
barrier layer according to the present invention to those of the prior art 



Disk Number 


Layer Structure 


Target of the 
Barrier Layer 


Repeating 
Characteristic 


(0) 


FIG. 1 


No Target 


X 


(1) 


FIG. 3A 


Ge 


© 


(2) 


FIG. 3A 


Sb 


o 


(3) 


FIG. 3B 


Ge 


© 


(4) 


FIG. 3B 


Sb 


o 



(Example 4) 

Next, when the layer structure is constructed as shown in FIG. 3A, and 
Ge is used as the target for forming the barrier layer 8, the range of the film 
formation condition which can obtain a better characteristic is examined. 

According to the embodiment, the total sputter gas pressure is 
constantly set to 20 mTorr, and the partial pressure ratio of Ar and nitrogen in 
the sputter gas has three kinds of ratio, that is, 2 : 1, 1 : 1 and 1 : 2. The 
sputter power of Ge is RF100W, 300W, 500W, 700W, 710W, 750W, 1 kW, 1.5 kW 
and 2 kW. That is, since the target is the disc whose diameter is 10 cm, when 
the sputter power is converted into the power density, the respective sputter 
powers are changed to 1.27W/cm 2 3.82W/cm 2 , 6.37W/cm 2 , 8.91W/cm 2 , 
9.04W/cm 2 , 9.55 kW/cm 2 , 12.7 kW/cm 2 19.1 kW/cm 2 and 25.5 W/cm 2 , 
respectively. Thereby, the film is formed, and the characteristic of the disks is 
examined. When the partial ratio of Ar and nitrogen is changed to 2 : 1, 1 : 1 
and 1 : 2, respectively, the flow rate of nitrogen is constantly set to 50 seem, and 
the flow rate of Ar is changed to 100 seem, 50 seem and 25 seem corresponding 
to the flow rate of nitrogen 50 seem. The main valve of the vacuum pump is 
throttled, thereby the sputter gas total pressure is set to 20 mTorr. 

The layer structure is constructed similarly to the disks (1) and (2). The 
film thickness of each layer is as follows. The dielectric layer 2 is 86 nm, the 
barrier layer 8 is 5 nm, the recording layer 3 is 20 nm, the dielectric layer 4 is 
17.7 nm and the reflecting layer 5 is 150 nm. The repeating characteristic is 
examined by the method shown in the example 1. The result is shown in 
Table 5. Furthermore, the adhesiveness is adopted as the estimate item of 
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the weather-proof. The acceleration test is carried out at 90^ at 80%, a 
sampling is carried out in 100 hours, 150 hours and 200 hours, and the sample 
is observed with an optical microscope in order to find whether the peeling 
exists or not. The result is shown in Table 6A. In this case, the generated 
peeling is substantially ranging from 1 MmtolO Mm. © denotes the case 
that the sampling after 200 hours is not peeled at all. O denotes the case 
that although the sampling after 100 hours and 150 hours is not peeled, the 
sampling after 200 hours is peeled, even if slightly. A denotes the case that 
although the sampling after 100 hours is not peeled, the sampling after 150 
hours is peeled, even if slightly. X denotes the case that the sampling after 
100 hours is peeled, even if slightly. 



Table 5 

Relationship between a film formation condition of a barrier layer applied to a 
substrate side of a recording layer and a cycle performance 



Sputter Power 
(W) 


(Ar partial pressure) : (Nitrogen partial pressure) 


2:1 


1:1 


1:2 


100 


X 


X 


X 


300 


o 


o 


X 


500 


o 


o 


X 


700 


O' 


o 


X 


710 


o 


o 


o 


750 


o 


o 


o 


1000 


o 


o 


o 


1500 


o 


o 


o 


2000 


o 


o 


o 
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Table 6A 



Relationship between a condition of forming a film of a barrier layer applied to 
a substrate side of a recording layer and a weatherproof 



optittci rower 
(W) 


(Ar partial pressure) : (Nitrogen partial pressure) 


2:1 


1:1 


1:2 


100 


o 


o 


X 


300 


o 


o 


X 


500 


o 


o 


X 


700 


© 


o 


X 


710 


© 


© 


A 


750 


© 


© 


O 


1000 


© 


© 


o 


1500 


© 


© 


© 


2000 


© 


© 


© 



Thereby, in view of the repeating characteristic, when the sputter power 
is more than RF300W, better characteristic can be obtained. In view of the 
adhesiveness, when the sputter power is more than RF100W, better good 
characteristic can be obtained. In either cases, the higher the sputter power 
becomes, the better the characteristic can be obtained. This reason is that the 
higher the sputter power becomes, the denser film can be formed. 

Relating to the nitrogen partial pressure, in case of (Ar partial 
pressure) : (nitrogen partial pressure) = 1:2, better characteristic can be 
obtained only within the sputter power range more than 710W. When the 
nitrogen partial pressure is higher than an appropriate condition, since a 
surplus nitrogen not combined to Ge exists in the barrier layer, it is assumed 
that the peeling is generated due to the surplus nitrogen. On the same 
condition of the nitrogen partial pressure, when the sputter power is increased, 
there is reduced a possibility that the Ge atom sputtered on the target surface 
is combined to the nitrogen until the sputtered Ge atom is attached to the 
substrate surface. Thereby, since a mixture amount of the surplus nitrogen is 
reduced, it is expected that the region where better characteristic can be 
obtained exists. 

As an analyzing result of the average composition ratio of the barrier 
layer 8 which can obtain better characteristic, in any case, the average 
composition ratio of Ge, O and N is within the range surrounded by four 
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composition points shown the three-element composition diagram in FIG. 5, 
ElCGe^oN^o), GlCGe^oN^o), G4(Ge 8U N IU O ttI ), E4(Ge 42 . 3 N 1L5 0 46 . 2 ). 

In general, when Ge or Ge-N is used as the target and the mixed gas of 
the rare gas and nitrogen is provided so that the film is formed, there is a 
tendency that if the sputter power is relatively small, the Ge-N-O film 
containing a lot of oxygen is formed, and if the sputter power is relatively large, 
the Ge-N film whose oxygen-content is only an impurity level is formed. 

As described above, preferably, the sputter power has the power density 
more than 1.27 W/cm 2 . When the power density is more than 3.82 W/cm 2 , 
better adhesiveness and recorded repeating characteristic can be obtained. 
In this case, a film formation rate is 18 nm/minute, when Ar partial pressure : 
nitrogen partial pressure = 1:1. Preferably, the film formation rate is 18 
nm/minute or more. 

(Example 5) 

Next, the difference of the disk characteristic is examined according to 
the difference of the partial pressure ratio of the sputter gas pressure and the 
nitrogen partial pressure in the sputter gas. Thus, the layer structure 
comprises the same structure in Figs. 3A and 3E. Ge is used as the target, 
and the sputter power is constantly set to RF700W. When the total pressure 
of the sputter gas, Ar partial pressure and the nitrogen partial pressure are 
changed, the characteristic is examined. A FIG. 3A-type disk comprises a 
ZnS-Si0 2 protective layer whose film thickness is 86 nm, a Ge-N or Ge-N-O 
barrier layer whose film thickness is 5 nm, a Ge-Sb-Te recording layer whose 
film thickness is 20 nm, a ZnS-Si0 2 protective layer whose film thickness is 
17.7 nm and an AlCr reflecting layer whose film thickness is 150 nm. A FIG. 
3E-type disk comprises a ZnS-Si0 2 protective layer whose film thickness is 91 
nm, a Ge-Sb-Te recording layer whose film thickness is 20 nm, a Ge-N or Ge- 
N-O barrier layer whose film thickness is 17.7 nm, and an AlCr reflecting layer 
whose film thickness is 150 nm. 

The repeating characteristic is estimated by the same method as the 
example 1 to 3. The weather-proof is estimated by the same method as the 
example 4. Table 6B shows the film formation condition and the estimate 
result. In Table 6B the disk (0) denotes the conventional disk in the example 
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1. Furthermore, marks are represented two by two, where the left mark and 
the right mark correspond to the result of the FIG. 3A-type disk and the result 
of the FIG. 3E-type disk, respectively. 
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T ab l e 6 3 

Relationship between a sputter condition of a barrier layer applied to a substrate side of a 



recording layer and a disk performance 



Disk No. 


Total 
pressure 
(mTorr) 


Partial 
pressure 
ratio 


Weather-proof 


Repeating 
characteristic 


2A 2E 


2A 2E 


(0) 






© 


X 


(5) 


1.0 


1:2 


X 


X 


X 


X 


(6) 


3.0 


1:2 


•v 
X 


X 


X 


v 
X 


/r-r\ 

00 


10.0 


1:2 


v 

X 


X 


X 


X 


(8) 


20.0 


1:2 


X 


V 

A 


X 


X 


(9) 


30.0 


1:2 


X 


X 


X 


X 


(10) 


1.0 


2:3 


A 

Za 


X 


X 


X 


(11) 


3.0 


2:3 


ZA 


X 


\J 




(12) 


10.0 


2:3 


A 
ZA 


v 
X 






(13) 


20.0 


2:3 


A 
ZA 


X 


{J 




(14) 


30.0 


2:3 


a 
ZA 


X 






(15) 


1.0 


1:1 


D 


A 

ZA 


v 

X 


X 


(16) 


3.0 


1:1 




A 
ZA 




\J 


(17) 


10.0 


1:1 




A 
ZA 


r~\ 
kJ 


kJ 


/I ON 

(18) 


20.0 


1:1 


w 


A 
ZA 


{J 




(19) 


30.0 


1:1 


r~\ 


A 
ZA 






(20) 


1.0 


3:2 


O 


A 

A 


/ — X 

o 


o 


(21) 


3.0 


3:2 




A 

ZA 


(J 


CJ 


(22) 


10.0 


3:2 




A 

ZA 


<U 




(23) 


20.0 


3:2 




A 

ZA 


LJ 




(24) 


30.0 


3:2 




A 
ZA 




{J 


(25) 


1.0 


2:1 




o 


X 


X 


(26) 


3.0 


2:1 




w 






(27) 


10.0 


2:1 


o 


o 


o 


o 


(28) 


20.0 


2:1 


© 


o 


o 


o 


(29) 


30.0 


2:1 


© 


o 


o 


o 


(30) 


20.0 


80:20 




© 


o 


o 


(31) 


20.0 


85:15 


© 


© 


o 


o 


(32) 


20.0 


88:12 


© 


© 


o 


o 


(33) 


20.0 


90:10 


© 


© 


X 


o 


(34) 


20.0 


95:5 


© 


© 


X 


o 


(35) 


20.0 


100:0 


© 


© 


X 


X 


(36) 


10.0 


75:25 


© 


© 


O 


o 


(37) 


10.0 


80:20 


© 


© 


X 


o 


(38) 


10.0 


85:15 


© 


© 


X 


o 


(39) 


10.0 


90:10 


© 


© 


X 


X 


(40) 


10.0 


100:0 


© 


© 


X 


X 
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Figs. 10 and 11, and Figs. 12 and 13 show respective cases of the 
repeating characteristic and the weather-proof. Here, the nitrogen partial 
pressure is represented by an abscissa axis, and Ar partial pressure is 
represented by an ordinate axis. 

In the first place, in case of the 3A-type disk as shown in FIG. 10, the 
film formation condition which can obtain better repeating characteristic is the 
case that the total pressure of the sputter gas exceeds 1 mTorr. Furthermore, 
when the total pressure is 10 mTorr, the nitrogen gas partial pressure in the 
sputter gas is ranging from 25% to 60%. Furthermore, when the total 
pressure is 20 mTorr, the nitrogen gas partial pressure in the sputter gas is 
ranging from 12% to 60%. 

Furthermore, as shown in FIG. 12, the film formation condition which 
can obtain better weather-proof (adhesiveness) is the case that the total 
pressure of the sputter gas is more than 1 mTorr, similarly to the case of the 
repeating characteristic. In both cases of the total pressure 10 mlbrr and the 
total pressure 20 mTorr, similarly, the nitrogen gas partial pressure in the 
sputter gas is within the range of 60% or less, preferably 50% or less. 

Next, in case of the 3E-type disk, as shown in FIG, 11, the film formation 
of the barrier layer condition which can obtain better repeating characteristic 
is the case that the total pressure of the sputter gas exceeds 1 mTorr. 
Furthermore, when the total pressure is 10 mTorr, the nitrogen gas partial 
pressure in the sputter gas is ranging from 15% to 60%. Furthermore, when 
the total pressure is 20 mTorr, the nitrogen gas partial pressure in the sputter 
gas is ranging from 5% to 60 %. Furthermore, as shown in FIG. 13, the film 
formation condition which can obtain better weather-proof (adhesiveness) is 
the case that the total pressure of the sputter gas is 1 mTorr or more, similarly 
to the case of the repeating characteristic. In both cases of the total pressure 
10 mTorr and the total pressure 20 mTorr, similarly, the nitrogen gas partial 
pressure in the sputter gas is within the range of 40% or less, preferably 33% 
or less. 

According to this analysis, the composition range of the Ge-N or Ge-N-O 
layer which can obtain better characteristic is examined. When this material 
layer is disposed at the substrate side of the recording layer, as shown in the 
triangular composition diagram shown in FIG. 5, the average composition 
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ratio is within the region surrounded by four points, 
DlCGe^oN^o), D^Ge^DJ, GKQe^^ G4(Ge 31 . l N ia8 O fl( , 1 ). 

Furthermore, when the material layer is disposed at the side opposite to 
the substrate of the recording layer, the average composition ratio is within the 
5 range surrounded by four composition points, 

Bl(Ge 90 . 0 N iao ) f B4(G e8 3. 4 N 3.30^, Fl(Ge 4Z9 N 57-1 ), F4(Ge 35 . 5 N 129 0 5L6 ), 

more preferably, the composition range surrounded by four composition points, 

Cl(Ge 65 . 0 N 35 . 0 ), C4(Ge 53 . 9 N 92 0 369 ), Fl(Ge 429 N 571 ), F4(Ge 35 . 5 N 129 0 51 . 6 ). 

Regarding the repeating characteristic, when the nitrogen partial 

1 0 pressure in the sputter gas is low, since a lot of surplus Ge not connected to the 
nitrogen exists in the barrier layer. Accordingly, the composition of the 
recording layer is changed, accompanied by the rewrite of the signal. Thereby, 
better characteristic cannot be obtained. Since a temperature rise at the 
reflecting layer side of the recording layer is lower than that at the substrate 

1 5 side, a degree of the atom diffusion is relatively small, thereby the condition 
that the N 2 partial pressure is low can be used. On the contrary, when the 
nitrogen partial pressure in the sputter gas is too high, a lot of surplus 
nitrogen exists in the film. In this case, better repeating characteristic cannot 
be obtained. 

20 Regarding the adhesiveness, when the nitrogen partial pressure in the 

sputter gas is high and a lot of surplus nitrogen exists in the film, the peeling is 
generated after the acceleration test. When the nitrogen partial pressure is 
low and the surplus Ge not combined to the nitrogen exists, the peeling is not 
generated. It is expected that the more Ge not combined to the nitrogen and 

25 oxygen exists, the higher an affinity for the recording layer component 
becomes. 

As described above, in order to obtain the disk having better repeating 
characteristic of the record and the adhesiveness, the sputter gas condition 
(gas pressure, component ratio) is clear. When the sputter gas total pressure 
30 exceeds 50 mTorr, the film formation rate becomes small. Accordingly, it is 
not practical. 

The film formation condition is the case that when the Ge-N or Ge-N-O 
layer is formed, the power density to be introduced into the target is 8.91W/cm 2 . 
When the power to be introduced into the target is more than 8.91W/cm 2 , a 
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time until the Ge atom sputtered on the target surface is attached to the 
substrate surface becomes shorter than the above case, thereby nitriding and 
nitriding-oxidation are hardly generated. In this case, according to the rate, 
the nitrogen partial pressure in the sputter gas is appropriately increased, 
thereby the similar effect to the case that the power density is 8.91 W/cm 2 can 
be obtained. On the contrary, when the introducing power is less than 8.91 
W/cm 2 , since the nitriding and nitriding-oxidation are excessively generated, 
according to the rate, the nitrogen partial pressure can be only adjusted in 
such a manner that the nitrogen partial pressure of the sputter gas is 
appropriately reduced. 

When the nitrogen partial pressure ratio in the sputter gas is more than 
about 90%, the sputtering is more or less unstable and it is not preferable. 
The value of the sputter power and the film formation rate is set to an optional 
value within the range in which the nitride or nitride-oxide can be formed. As 
described above, preferably, the sputter power density exceeds 1.27 W/cm 2 , and 
the film formation rate is 18 nm/minute or more. 

(Example 6) 

Next, when the film formation condition is changed, the change of the 
optical constant of the barrier layer is examined. In the first place, the 
sputter power of Ge is set to 700W, and the sputter total pressure is constantly 
set to 20 mTorr. When the nitrogen partial pressure ratio in the sputter gas is 
changed, that is, the change of the complex refractive index of the film on a fine 
a in Figs. 10 and 11 is examined. The result is shown in FIG. 14. 
Furthermore, the sputter power is 700W, and the sputter total pressure is 
constantly set to 10 mTorr. When the nitrogen partial pressure ratio in the 
sputter gas is changed, that is, the change of the complex refractive index of 
the film on a fine a in Figs. 10 and 11 is examined. The result is shown in 
FIG. 15. Next, the partial pressure ratio of Ar and the nitrogen in the sputter 
gas is constantly set to 1 : 1, and the gas total pressure is changed. In this 
case, FIG. 16 shows the change of the optical constant of the film on a line b in 
FIGs. 10 and 11. 

These graphs are combined to the above application range of the 
nitrogen partial pressure. When the barrier layer is used at the substrate 
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side of the recording layer, preferably, the complex refractive index value n+ik 
of the barrier layer satisfies the range of 1.7 ^n^ 2.8 and 0^k<0.3. 
Furthermore when the barrier layer is used at the side opposite to the 
substrate of the recording layer, preferably, the complex refractive index value 
n+ik of the barrier layer satisfies the range of 1.7^n^3.8 and 0<k^0.8. 

When the film composition is analyzed, if the film is formed by using the 
sputter total pressure 10 mTorr, the oxygen density is ranging about from 5% 
to 8%. In case of the sputter total pressure 20 mTorr, the oxygen density is 
ranging about from 10% to 20%, which is little more than the case of 10 mTorr. 

In view of producing method, even if the film formation condition such as 
the sputter power, the sputter gas or the like is changed, the film is formed in 
such a manner that the complex refractive index of the Ge-N film or the Ge- 
O-N film satisfies the above range. Thereby, better characteristic can be 
obtained. 

(Example 7) 

Next, except that the structure comprises a barrier layers 8 whose film 
thickness are 10 nm, 20 nm, respectively, and a ZnS-Si0 2 protective layers 2 of 
the substrate side whose film thickness are 81 nm, 65.8 nm, respectively, a 
2A-type disk having the same layer structure and the film thickness as the 
example 4 is produced. The film formation condition of the barrier layer 8 is 
as follows: the sputter power is RF700W, that is, the power density 
8.91W/cm 2 , the sputter gas total pressure is 20 mTorr, Ar partial pressure : the 
nitrogen partial pressure = 2:1, and the gas flow rate is similar to the above 
case. 

As a result of examining the repeating characteristic and the weather- 
proof of the disk, similarly to the above case, a very good characteristic can be 
obtained. 

(Example 8) 

Next, the effect when the barrier layer is applied is shown by comparing 
the disks having different layer structure to one another. Table 7 shows the 
structure of the experimentally made disks and the estimate result of the cycle 
performance thereof. In Table 7, DL denotes the protective layer containing 
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ZnS-Si0 2 , AL denotes the recording layer containing Ge2Sb2.2Te5, BL denotes 
the barrier layer containing Ge50N4505, and RL denotes the reflecting layer 
containing AlCr. More specifically when the material is changed or the 
material is specified, the description such as DL(Ge-N-O) is included in 
5 parentheses. 

The estimate method is the same as the case of Table 2. That is, the 
jitter value and the amplitude value are estimated. After 100,000-time 
repeating record, the jitter value (measured by such a method that the jitter 
between each mark front end and the jitter between each mark rear end are 

1 0 independently measured) is estimated. Such a case that both of the jitter 
between the mark firont ends and the jitter between the mark rear ends are 
less than a reference value and the jitter value is scarcely changed is 
represented by ©. Such a case that although the jitter value is changed, the 
jitter value itself remains less than the reference value is represented by O. 

1 5 Such a case that after 100,000-time repeating, the jitter slightly exceeds the 
reference value is represented by A. Such a case that after 10,000-time 
repeating, the jitter value already exceeds the reference value is represented 
by X . The estimate power is set to a higher value by about 10% than the 
lowest limit jitter value, where the lowest limit jitter value denotes the value 

20 when an initial jitter value satisfies the value less than 12.8%. Furthermore, 
after 100,000-time repeating, the amplitude value is observed. Such a case 
that less change is found is represented by ©. Such a case that about 10% or 
less change is found is represented by O. Such a case that about 20% change 
is found is represented by A. Such a case that the jitter value is reduced to 

25 more than 20% is represented by X . Table 7 shows the followings: 

1) in case of no reflecting layer (a disk 41), the amplitude value is 
severely reduced, and the jitter value rise is large. However, the barrier layer 
is provided, thereby it is possible to obtain a considerable effect of the jitter 
performance and the amplitude performance (disks 42 and 43), 2) even if the 

30 reflecting layer is provided, when the reflecting layer id thin, or if the layer 
between the reflecting layer and the recording layer is thick (a disk 44 : in 
general, a so-called annealing structure), the same effect as the case that the 
reflecting layer is thick or the layer between the reflecting layer and the 
recording layer is thin (a disk 47 : in general, a so-called quenching structure) 
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cannot be obtained, 

3) if the barrier layer is applied to the annealing structure, a 
considerable effect can be obtained (disks 45 and 46), 

4) in the quenching structure, the barrier layer is only disposed at one 
5 side of the recording layer, thereby the considerable effect can be obtained. 

That is, in the structure having no reflecting layer or in the structure in 
which the protective layer having a thickness (for example, 80 nm or more) is 
formed between the recording layer and the reflecting layer, the barrier layer 
is considerably effective relative to the jitter value reduction and to the 

1 0 suppression of the amplitude reduction due to the repeating record. When 
many repeating times is necessary, the barrier layer is essential. Recently, in 
many cases, the above annealing structure can be applied to the optical disk 
overwriting at a high speed (for example, Noboru Yamada et al. "Thermally 
balanced structure of phase-change optical disk for high speed and high 

15 density recording." Trans. Mat. Res. Soc. Jpn., Vol. 15B, 1035, (1993)). 
Accordingly, a combination of the annealing structure and barrier layer 
generates a large effect. 

On the other hand, the structure having a thin protective layer (for 
example, 60 nm or less) formed between the recording layer and the reflecting 

20 layer is provided with the barrier layer as the protective layer. Thereby, more 
specifically, the amplitude performance can be enhanced. Accordingly, much 
more repeating times can be achieved. 
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Table 7 



Effect comparison of the barrier layer relative to various layer structure 



Disk 
num- 
ber 


Disk layer structure 


Repeating 
performance 


Jitter 


Ampli- 
tude 


41 


DL 

90nm 




AT 

22nm 


"HT 

82nm 






X 


X 


42 


80nm 


J_>1_j 

lOnm 


AT 
22nm 


"HT 

82nm 






o 


o 


43 


DL 
80nm 


TVL 
lOnm 


AT 
22nm 


"TIT 

lOnm 


"TIT 

72nm 




© 


© 


44 


DL 
90nm 




AL 
22nm 


DL 
80nm 




lOnm 


A 


X 


45 


DL 
80nm 


BL 
lOnm 


AL 
22nm 


DL 
90nm 




RL(Au) 
lOnm 


o 


O 


46 


DL 
80nm 


BL 
lOnm 


AL 
22nm 


DL(GeNO) 
90nm 




RL(Au) 
lOnm 


© 


© 


47 


DL 
90nm 




AL 
22nm 


DL 
60nm 




RL 
150nm 


o 


A 


48 


DL 
90nm 


BL 
lOnm 


AL 
22nm 


DL 
60nm 




RL 
150nm 


© 


© 


49 


DL 
90nm 




AL 
22nm 


DL(GeNO) 
60nm 




RL 
150nm 


© 


© 


50 


DL 
90nm 


BL 
lOnm 


AL 
22nm 


DL(GeNO) 
60nm 




RL 

150nm 


© 


© 



(Example 9) 

Whether or not the material layer except for the Ge-N, Ge-N-O layer can 
be used as the barrier layer is examined. As a material candidate, Si-N, Si- 
N-O, SiC, Sb-N-O, Zr-N-O, Ti-N, Al-N and Al-N-O are selected. In any case, 
the sputter condition is selected. Two kinds of compositions, that is, (A) a 
stoichiometric composition and (B) the composition containing about 5% more 
Si, Al, Ti, or the like than the stoichiometric composition are tested. The 
medium structure is a FIG. 3G-type structure. The barrier layer has the 
thickness of 10 nm. The medium structure comprises a ZnSe-Si0 2 protective 
layer whose thickness is 80 nm, the barrier layer, a Ge2Sb2.5Te5 recording 
layer whose thickness is 20 nm, a barrier material layer whose thickness is 20 
nm, and an Au reflecting layer whose thickness is 50 nm deposited on a 
polycarbide substrate whose thickness is 1.2 mm by the sputtering method. 
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After overcoating, a hot melt adhesive is used so that a defense plate is 
laminated. Next an initial crystallization is carried out by the laser method. 
Furthermore for a comparison, the structure in which the barrier layer is not 
used is also prepared. These disks are rotated at a linear rate of 3.5m/s, and 
an EFM signal (random signal) having the 3T mark whose length is 0.6 l± m is 
repeatedly overwritten, and the cycle performance is estimated. 
Furthermore, these disks are left to stand under the acceleration condition of 
90^ and 80%RH for 100 hours, and the state of the disks is estimated. 

The result is shown in Table 8. In Table 8, regarding the cycle 
performance, O means that after 100,000-repeating, the effect is obtained. 
That is, there is such an advancement that the jitter value rise and the 
amplitude value reduction are clearly less than the reference value. A means 
that a little effect is obtained. X means that no effect is obtained. 
Furthermore, regarding the weather-proof, O means that no change is 
detected. X means that such a change as the peeling, etc. is detected. A 
means that a little change such as the peeling, etc. is detected. Thus, 
regarding the cycle performance, there is a tendency that both of groups (A) 
and (B) are improved. Regarding the weather-proof, the group (B) is sprier to 
the group (A), that is, there is more possibility that the composition containing 
little less N, O or the like than the stoichiometric composition can be applied to 
the barrier layer. 
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# 



Table 8 



Comparison of barrier materials 





Material 
composition 


A 


B 




Weather- 
proof 


Cvcle 


Weather- 
proof 


51 


Si-N 


A 


X 


A 


- A 


c>2 


Si - N - O 


A 


X 


O 


O 


53 


SiC 


A 


X 


O 


A 


54 


Sb-N 


A 


X 


A 


O 


55 


Sb-N-O 


A 


X 


A 


O 


56 


Zr-N 


A 


X 


O 


O 


57 


Zr-N-O 


A 


X 


O 


O 


58 


Ti-N 


A 


X 


o 


A , 


59 


Al-N 


A 


X 


o 


A 


60 


Al-N-O 


A 


X 


o 


O 



As described above, according to the present invention, it is possible to 
5 provide the optical information recording medium in which the change of the 
recording characteristic and the reproducing characteristic due to repeating 
the record and reproduction is lower and further the weatherproof is excellent, 
the producing method thereof and a method of recording and reproducing the 
information. 

10 

(Example 10) 

In the Examples, the weather resistance and the characteristics in 
repetitive recording were evaluated in the following manner. For the 
evaluation of the weather resistance, an accelerated test was performed at 

1 5 90°C and 80% humidity for 200 hours, and it was observed with an optical 
microscope at every 100 hours whether or not the peeling of the film occurred. 
As a result, examined samples were classified into "A", "B" and "C". In a 
sample denoted by "A", no peeling was observed for 200 hours. In a sample 
denoted by "B", no peeling was observed for the first 100 hours but peeling 

20 occurred after 200 hours. In a sample denoted by "C", peeling occurred after 
100 hours. 

For the evaluation of the characteristics in repetitive recording, 
random marks having lengths from 3 T to 11 T when the minimum mark 
length is 0.61 tt m in EFM signal system were recorded. In a sample denoted 



68 



by "A", neither the ratio of a jitter value between front ends of the marks to a 
window width T nor the ratio of a jitter value between rear ends to a window 
width T exceeded 13 % after 200,000 times repetitive recording. In a sample 
denoted by "B", neither of the ratios for the front ends or the rear ends 
5 exceeded 13 % after 100,000 times repetitive recording, but at least one of the 
ratios for the front ends and the rear ends exceeded 13 % after 200,000 times 
repetitive recording. In a sample denoted by "C", at least one of the ratios for 
the front ends and the rear ends exceeded 13 % after 100,000 times repetitive 
recording. 

1 0 The optical information recording medium having the same structure 

as shown in Figure 1 was produced by sputtering as described above. A disk- 
shaped polycarbonate resin having a thickness of 0.6 mm and a diameter of 
120 mm was used for a substrate 61. A material comprising ZnS and 20 
mol% of Si0 2 was used for a protective layer 62. A phase-changeable 

1 5 material comprising Ge-Sb-Te alloy was used for a recording layer 63, and an 
Al alloy was used for a reflection layer 65. The composition of the recording 
layer 63 was Ge 220 Sb 250 Te 530 in this example, but other compositions can be 
used. 

A medium comprising a diffusion preventing layer 67 formed of GeN 
20 and a diffusion preventing layer 68 formed of GeNiN was referred to as 
sample 101. A medium comprising a diffusion preventing layer 67 formed of - 
GeN and a diffusion preventing layer 68 formed of GeCrN was referred to as 
sample 102. A medium comprising a diffusion preventing layer 67 formed of 
GeN and a diffusion preventing layer 68 formed of GeCoN was referred to as 
25 sample 103. A medium comprising a diffusion preventing layer 67 formed of 
GeN and a diffusion preventing layer 68 formed of GeMoN was referred to as 
sample 104. A medium comprising a diffusion preventing layer 67 formed of 
GeN and a diffusion preventing layer 68 formed of GeMnN was referred to as 
sample 105. A medium comprising a diffusion preventing layer 67 formed of 
30 GeN and a diffusion preventing layer 68 formed of GeLaN was referred to as 
sample 106. A medium comprising a diffusion preventing layer 67 formed of 
GeN and a diffusion preventing layer 68 formed of GeTiN was referred to as 
sample 107. A medium comprising a diffusion preventing layer 67 formed of 
GeN and a diffusion preventing layer 68 formed of GeZrN was referred to as 
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sample 108. A medium comprising a diffusion preventing layer 67 formed of 
GeN and a diffusion preventing layer 68 formed of GeNbN was referred to as 
sample 109. For comparison, sample 100 comprising diffusion preventing 
layers 67 and 68 both formed of GeN was produced. 
5 When forming a GeMN layer (M = Ni, Cr, Co, Mo, Mn, La, Ti, Zr or 

Nb) and a GeN layer, GeM and Ge, respectively, were used as target materials, 
and the content of M contained in the GeMN layer was 25 atom% of the total 
content of Ge and M. This ratio was analyzed by ICP (I CP Emission 
Spectrometry). 

1 0 Furthermore, the thicknesses of the diffusion preventing layers 67 

and 68 of samples 100 to 109 were 10 nm and 20 nm, respectively, which were 
common between samples 100 to 109. Similarly, there was no difference 
between samples 100 to 109 for the thickness of the protective layer 2 of 120 
nm, the thickness of the recording layer 3 of 20 nm, and the thickness of the 

1 5 reflection layer 5 of 150 nm. 

In order to form the protective layer 62 and the recording layer 63, a 
mixed gas comprising Ar and 2.5vol% of nitrogen was supplied at a constant 
flow rate and a total pressure of 1.0 mTorr and 0.5mTorr, respectively, and DC 
powers of 1.27W/cm 2 and RF 5.10W/cm 2 , respectively, were supplied to 

20 cathodes. The nitrogen gas was mixed with the sputtering gas in order to 
suppress the movement of the substances in the medium after repetitive 
recording. The advantageous effect of the present invention can be obtained 
in the case where nitrogen is not supplied from the sputtering gas or oxygen is 
mixed with the sputtering gas. In order to form the reflection layer 65, Ar 

25 gas was supplied at a total pressure of 3.0mTorr, and a DC power of 
4.45W/cm 2 was supplied. Other rare gases than Ar such as Kr can be 
contained in the sputtering gas, as long as it allows sputtering. 
^^^When forming the diffusion printing layers 67 and 68, there was no 
difference between samples 100 to/u)9 as to the sputtering gas, which was a 

30 mixed gas comprising Ar and nftrog£TL| a sputtering gas pressure of lOmTorr, 
and a sputtering power density m. 6.37W/cm 2 . When forming the diffusion 
preventing layer 67, the partial rfre^sinte of nitrogen in the sputtering gas was 
constantly 40% (40vol%> nitrogen). When forming the diffusion preventing 
layer 68, the partial pressure of nitrogen in the sputtering gas was changed to 
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10%, 20%, 30% and 40%. In this case^tjiergontents of nitrogen contained in 
the diffusion preventing layers 67^wlcf68 were 22atom%, 37atom%, 50atom%, 
and 56atom%, respectively^xi^rths^more, the contents of oxygen contained 
in the diffusion preverjtifig layer^67anfl 68 were 4atom%, 5atom%, 6atom%, 
and 7atom%, re^ectively. The N?xygen was contained because impurity 
oxygen presp*ft in the chamber was absorbed in the layers. The ratios of 
nitrogerj/and oxygen were analyzed by RBS (Rutherford Backscattering 
Speptroscopy). 

The results of the evaluation of the characteristics of the produced 
disk-shaped media are shown in Table 9. 



Table 9 



Medium No. 


Diffusion 
preventing 


Partial Pressure of Nitrogen in Film- 
Forming Gas 




ayer 


1C 


1% 


20% 


30% 


4C 


1% 


67 


68 


a* 


b* 


a* 


b* 


a* 


b* 


a* 


b* 


Sample 100 


GeN 


GeN 


A 


B 


A 


A 


B 


A 


C 


A 


Sample 101 


GeN 


GeNiN 


A 


B 


A 


A 


A 


A 


A 


A 


Sample 102 


GeN 


GeCrN 


A 


B 


A 


A 


A 


A 


A 


A 


Sample 103 


GeN 


GeCoN 


A 


B 


A 


A 


A 


A 


B 


A 


Sample 104 


GeN 


GeMoN 


A 


B 


A 


A 


A 


A 


B 


A 


Sample 105 


GeN 


GeMnN 


A 


B 


A 


A 


A 


A 


B 


A 


Sample 106 


GeN 


GeLaN 


A 


B 


A 


A 


A 


A 


B 


A 


Sample 107 


GeN 


GeTiN 


A. 


B 


A 


A 


A 


A 


B 


A 


Sample 108 


GeN 


GeZrN 


A 


B 


A 


A 


A 


A 


B 


A 


Sample 109 


GeN 


GeNbN 


A 


B 


A 


A 


A 


A 


B 


A 



15 



20 



a~ : 
b*: 



Weather resistance 
Repetition characteristics 



Furthermore, samples 110 to 118 were produced under the same 
conditions as samples 101 to 109, except that the diffusion preventing layer 68 
is formed of GeN, the diffusion preventing layer 67 is formed of GeMN (M 
represents the elements as described above), when forming the diffusion 
preventing layer 68, the partial pressure of nitrogen in the sputtering gas was 
constantly 30%, and when forming the diffusion preventing layer 67, the 
partial pressure of nitrogen in the sputtering gas was changed to 40%, 50% 
and 60%. Sample 100' is a medium in which the diffusion preventing layers 
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67 and 68 were both formed of GeN. Table 10 shows the results of the 
evaluation of these media. 



Table 10 



ivieoium i\o. 


Diffusion 
preventing layer 


Partial E 
inFil 


'ressure of Nitrogen 
m-Forming Gas 


40% 


5C 


1% 


60% 


67 


68 


a* 


b* 


a* 


b* 


a* 


b* 


Sample 100' 


GeN 


GeN 


B 


A 


B 


A 


C 


A 


Sample 110 


GeNiN 


GeN 


A 


A 


A 


A 


A 


A 


Sample 111 


GeCrN 


GeN 


A 


A 


A 


A 


A 


A 


Sample 112 


GeCoN 


GeN 


A 


A 


A 


A 


A 


A 


Sample 113 


GeMoN 


GeN 


A 


A 


A 


A 


A 


A 


Sample 114 


GeMnN 


GeN 


A 


A 


A 


A 


A 


A 


Sample 115 


GeLaN 


GeN 


A 


A 


A 


A 


A 


A 


Sample 116 


GeTiN 


GeN 


A 


A 


A 


A 


B 


A 


Sample 117 


GeZrN 


GeN 


A 


A 


A 


A 


B 


A 


Sample 118 


GeNbN 


GeN 


A 


A 


A 


A 


B 


A 



a* : Weather resistance 



b*: Repetition characteristics 

As seen from the results shown in Tables 9 and 10, when GeMN is 
used for the diffusion preventing layer, weather resistance is improved 
without impairing the repetition characteristics in recording, compared with 
the diffusion layer formed of GeN. 

Next, disks including the diffusion preventing layers 67 and 68 
formed of GeN and GeCrN, respectively, and having different ratios of the 
content of Cr to the total content of Ge and Cr in the GeCrN layer of 5%, 10%, 
20%, 30%, 40%, 50%, and 60% were produced. These media were referred to 
as samples 119, 120, 121,122, 123, 124 and 125. The structures of the layers 
of the disks were the same as that of the disk of sample 102. When forming 
the diffusion preventing layer 67, the partial pressure of nitrogen in the 
sputtering gas was constantly 40%. When forming the diffusion preventing 
layer 68, the partial pressure of nitrogen in the sputtering gas was changed to 
20%, 30% and 40%. Table 11 shows the results of the evaluation of the disks. 
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Table 11 



ivieurum ino. 


Cr / 


Partial Pressure of Nitrogen in Film-Forming Gas 


20% 


3C 


1% 


4C 


1% 


a* 


b* 


■Jc 

a* 


b* 


a* 


b* 




n 
u 


A 


A 


B 


A 


C 


A 


Sample 119 


5 


A 


A 


B 


A 


B 


A 


Sample 120 


10 


A 


A 


A 


A 


A 


A 


Sample 121 


20 


A 


A 


A 


A 


A 


A 


Sample 122 


30 


A 


A 


A 


A 


A 


A 


Sample 123 


40 


A 


A 


A 


A 


A 


A 


Sample 124 


50 


A 


B 


A 


A 


A 


A 


Sample 125 


60 


A 


C 


A 


B 


A 


B 



a*: Weather resistance 



b*: Repetition characteristics 

Table 11 reveals that when the content of Cr is 10% or more, the effect 
of the addition of Cr is particularly desirable. However, when the content of 
Cr is 60% or more, the repetition characteristics deteriorate. This is believed 
to be because Cr atoms, which are difficult to be bonded to nitrogen compared 
with Ge atoms, were excessively present in the film, so that the Cr atoms 
flooded into the recording layer so as to deteriorate the characteristics in 
repetitive recording. Therefore, the content of Cr in the GeCrN film is 
preferably 50% or less, more preferably 40% or less of the total content of Ge 
and Cr. 

Next, disks were produced in the same manner except that Mo or Ti 
was used in place of Cr. Tables 12 and 13 show the results of the evaluation 
of the thus produced disks. 
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Table 12 





Mn / 


Partial Pressure of Nitrogen in Film-Forming Gas 


20% 


30% 


40% 


a* 


b* 


a* 


b* 


a* 


b* 


Samnle 100 


o 


A 


A 


B 


A 


C 


A 


Sample 126 


5 


A 


A 


B 


A 


B 


A 


Sample 127 


10 


A 


A 


A 


A 


B 


A 


Sample 128 


20 


A 


A 


A 


A 


B 


A 


Sample 129 


30 


A 


A 


A 


A 


B 


A 


Sample 130 


40 


A 


A 


A 


A 


B 


A 


Sample 131 


50 


A 


A 


A 


A 


B 


A 


Sample 132 


60 


A 


C 


A 


B 


B 


B 



a*: Weather resistance 



b*: Repetition characteristics 



Table 13 



Medium No. 


Ti/ 
(Ge+Ti) 


Partial Pressure of Nitrogen in Film-Forming Gas 


2C 


1% 


30% 


4C 


1% 


a* 


b* 


a* 


b* 


a* 


b* 


Sample 100 


0 


A 


A 


B 


A 


C 


A 


Sample 133 


5 


A 


A 


B 


A 


B 


A 


Sample 134 


10 


A 


A 


A 


A 


B 


A 


Sample 135 


20 


A 


A 


A 


A 


B 


A 


Sample 136 


30 


A 


A 


A 


A 


B 


A 


Sample 137 


40 


A 


A 


A 


A 


B 


A 


Sample 138 


50 


A 


B 


A 


B 


B 


B 


Sample 139 


60 


A 


C 


A 


B 


B 


B 



a*: Weather resistance 



b*: Repetition characteristics 
(Example 11) 

Optical information recording media were produced in the same 
manner as in Example 10 except that the diffusion preventing layers were 
changed as follows. 

A medium comprising a diffusion preventing layer 67 formed of GeON 
and a diffusion preventing layer 68 formed of GeNiON was referred to as 
sample 140. A medium comprising a diffusion preventing layer 67 formed of 
GeON and a diffusion preventing layer 68 formed of GeCrON was referred to 
as sample 141. A medium comprising a diffusion preventing layer 67 formed 
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of GeON and a diffusion preventing layer 68 formed of GeCoON was referred 
to as sample 142. A medium comprising a diffusion preventing layer 67 
formed of GeON and a diffusion preventing layer 68 formed of GeMoON was 
referred to as sample 143. A medium comprising a diffusion preventing layer 

67 formed of GeON and a diffusion preventing layer 68 formed of GeMnON 
was referred to as sample 144. A medium comprising a diffusion preventing 
layer 67 formed of GeON and a diffusion preventing layer 68 formed of 
GeLaON was referred to as sample 145. A medium comprising a diffusion 
preventing layer 67 formed of GeON and a diffusion preventing layer 68 
formed of GeTiON was referred to as sample 146. A medium comprising a 
diffusion preventing layer 67 formed of GeON and a diffusion preventing layer 

68 formed of GeZrON was referred to as sample 147. A medium comprising a 
diffusion preventing layer 67 formed of GeON and a diffusion preventing layer 
68 formed of GeNbON was referred to as sample 148. For comparison, 
sample 100" comprising diffusion preventing layers 67 and 68 both formed of 
GeON was produced. In this example, the content of M contained in the 
GeMON layer was 25 atom% of the total content of Ge and M. 

When forming the diffusion preventing layers 67 and 68, there was no 
difference between samples 140 to 148 as to the sputtering gas, which was a 
mixed gas comprising Ar, nitrogen and oxygen, a sputtering gas pressure of 
lOmTorr, and a sputtering power density of 6.37W/cm 2 . When forming the 
diffusion preventing layer 67, the partial pressure of nitrogen in the 
sputtering gas was constantly 40% and the partial pressure of oxygen was 3%. 
When forming the diffusion preventing layer 68, the partial pressure of 
nitrogen in the sputtering gas was changed to 10%, 20%, 30% and 40%, and 
the partial pressure of oxygen was constantly 3%. In this case, the contents 
of nitrogen contained in the diffusion preventing layer 67 was 68atom% and 
the contents of oxygen was 20atom%. Furthermore, the contents of 
nitrogen contained in the diffusion preventing layer 68 were 24atom%, 
40atom%, 51atom% and 58atom%, respectively. The contents of oxygen 
contained in the diffusion preventing layer 68 were 8atom%, 13atom%, 
17atom% and 20atom%, respectively. 

The results of the evaluation of the characteristics of the produced 
disk-shaped media are shown in Table 14. 
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Table 14 



Medium No. 


Diffusion 
preventing layer 


Partial Pressure of Nitrogen in Film- 
Forming Gas 


10% 


2C 


)% 


31 


0% 


4C 


)% 


67 


68 


a* 


b* 


a* 


b* 


a* 


b* 


a* 


b* 


Sample 100 


GeON 


GeON 


A 


A 


B 


A 


C 


A 


C 


A 


bampie 140 


GeON 


GeNiON 


A 


A 


A 


A 


A 


A 


B 


A 


Sample 141 


GeON 


GeCrON 


A 


A 


A 


A 


A 


A 


B 


A 


Sample 142 


GeON 


GeCoON 


A 


A 


A 


A 


A 


A 


B 


A 


Sample 143 


GeON 


GeMoON 


A 


A 


A 


A 


A 


A 


B 


A 


Sample 144 


GeON 


GeMnON 


A 


A 


A 


A 


A 


A 


B 


A 


Sample 145 


GeON 


GeLaON 


A 


A 


A 


A 


A 


A 


B 


A 


Sample 146 


GeON 


GeTiON 


A 


A 


A 


A 


B 


A 


B 


A 


Sample 147 


GeON 


GeZrON 


A 


A 


A 


A 


B 


A 


B 


A 


Sample 148 


GeON 


GeNbON 


A 


A 


A 


A 


B 


A 


B 


A 



a* : Weather resistance 



b*: Repetition characteristics 

As seen from Table 14, when GeMON is used for the diffusion 
preventing layer, the weather resistance is improved without impairing the 
characteristics in repetitive recording compared with the case where GeON is 
used. When a layer containing oxygen is used for the diffusion preventing 
layer, the repetition characteristics are improved compared with the case 
where the content of oxygen is on an impurity level. However, the weather 
resistance deteriorates slightly. 

The invention may be embodied in other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this application are to be considered in all respects as illustrative 
and not limitative, the scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all changes which come 
within the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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